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INTRODUCTION 


In this 416-page data book, Texas Instruments is pleased to present important technical information on a broad line of 
linear control integrated circuits that includes operational amplifiers, voltage comparators, analog switches, timers, 
analog-to-digital converters, Hall-effect devices, and many others. 


You will find specifications on device types initiated by TI (TL series) and on plug-in replacements for many competitive 
types. The functional indexes and selection guides provide the designer with rapid access to data sheets for specific 
applications, and the interchangeability guides show both direct and nearest replacement devices for many competitive 
parts. There are margin tabs to guide you quickly to general circuit categories, and the alphanumeric index lets you 
locate particular type numbers quickly. 


The section on military products describes process and screening requirements for JAN, JAN-processed, /883B Class B, 
and standard device types. 


This volume offers design data and specifications only for linear control integrated circuits, but complete technical data 
on any Texas Instruments semiconductor component is available from your nearest TI field sales office or authorized 
distributor and from: Marketing and Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308, 
Dallas, Texas 75265. 


i a 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





General Information 


TABLE OF CONTENTS 


PAGE 

Section 1 General.IniGrmatlon 434-826 :sip ete ae 34g eee Soe a we a OS a el aE ee ee 7 
ALDMANUMENICTNGCX” 676 2.5.5 Sw he eee Se BA ae eS eee @ eee oe a a ee oh ee eS 10 
PURCUONE NGO «apd Gao iecn ste 625 decelerate ao nce AR age wR a! ics en Ge BL ae Dae tas tn es as 11 
IMTerehangeaOll ty Gee. sc, teen ye dita en edad vee, a Ble a Ste sh se Braces ot Se TOR Re Sons oS Maw Sn ase ered 22 
SECTION 2>. ENEMA IMTOUMAUION: ocala GS die evan ee ae Aw iow aera sco aed Ww: ea Aen See ae eat ee eae erate 2/7 
MATEF Mal GONSIOCKALIONS? oss tem. rau tera e cack mor Gena s Boe ean One 2. BG Ci ie ed ere ee Be Rtas a) ae. Gerken 28 
Thermal Resistance of Integrated Circuit Packages 2.1... ec ee eee eee ees 29 
Power Dissipation Derating Curves for Integrated Circuit Packages «©. 1... ee ee tt ee ees 30 
Section 3, Ordering Instructions and Mechanical Data 2... . te ee ee te eee ee tee 35 
Ordering Instructions: a. 5 bo ere tae Se 2 ae et Se 2 aS ee do BE SE Me a ewe ee 37 
Mechanical Datavand Package: Outline  ec.<a Atevsaws fe eS atedaale a d.5, ewe DS ew Pe Ae als Fee eae aS 38 
SECON Operational AMpDITIEIS:. .4)4:¢.440s We ee ek We ea es ee Oe SRA Ee are Wee ee ewe acatee 47 
OPICCHIONGUIGG? ve $v sed cna, oe ee a SA a eee ee he LG wd, Eien ee BSE PRESSE ce SEES 48 
Glossary-ot Perms and: DeiNitiONS: 2.02 emote eG arate ee eee oe eee eee be ob ee we ee ok 55 
INGIVIGU@dl :Dataoneets: osha wee ee Bee Oe wees Oe eee Sos a Wa ea he eee ed Bw e Ee 59 
section:5, Differential - Comparators: ..5.<408 60. 090k 66-4. ww wh es he ee ho 2 we OSG ew OE 189 
SEIECTION GUIGR® Sica. cp Sx Wan ait oe eis, Wie Be Aa dar ww ae gat abe K Aste a raat dake ated Se wae 190 
Glossary of Terms and Definitions:< <<..-ce eco a Bx £ eink dS Si ee ie Sie wie Se eS ee deere bm ete 192 

Me iwiddal Data SMeets. + <p. 8ie, ea aad & Sieciee a oe reek CG Geta Berl eS. wibows Bre ena diae we Oren se 195 
Section 6, Special Functions ......... 0.000 ee ee veanee BNA Be eee cat taste ty Ghh caceuee es a) Rae Geta eee Gt mone Sok 267 
SEICECTION CQUIGOS <skigecac etek uu es eae Pa ceeveas aE pn bares Re oe I A eee Io RN eo chk GA eo areler ce 8 bok 268 
lnGividtial Data SHEETS). .c.cier % dcad ete hw ae Shi Brees kee OS he Scar Me ee te we Oe: Make S aaa Raw 270 


Section 7, Military Products .......... Sade seen Sas Fane br tesagheh Ger atc tas a Ge Bs Gnd ante RL ae Be EE gs - 407 


10 


ALPHANUMERIC INDEX 


PAGE PAGE PAGE 
ADCO808 ....... 270 MC1545 ........ 277° TLOTIB: bc Sé-w acd 131 
ADCO809 ....... . 270 MC1558 ........ 85 TUOI2” is betes & ae al 131 
ADCO816 ....... 272 MC3303 ........ 89 TO72A: . & gies Sa 131 
ADCO817 ....... 272 MC3403. ........ 89 TLO72B ........ 131 
LM10iA._ www. 59 MC3423 ........ 279 TLO7T4 1.0... 131 
LM106 ........ 195 MC3503 ........ 89 TLO74A ........ 131 
LM107. ........ 62 MC3523. ........ 279 TLOV4B 1... 131 
SEMA: 2 oe ew: 201) 2. INESSS) s.-25.4) ta64 281 TLOTS . ve ae 131 
LM124. ........ 65 NE556 ......... 291 TLO80. 24 oc eu des 139 
LM139 «www. 209 NE5532  ........ 93 TLOSOA ........ 139 
LM148 6... 67 NE5532A ....... 93 TOSI. cud even ese 139 
LM158 ........ 71 NE5533 ........ 97 TOR IA>. medinbe, eos 139 
LM193. ........ 211 NE5533A ....... 97 TUOBIB® Seige ses 139 
LM201A ....... 59 NE5534 ........ 105 WUOS? ed aks. teh 139 
LM206 ........ 195 NE5534A ....... 105 TLO82A ........ 139 
LM207. ........ 62 RC4136 ........ 101 TLO82B ........ 139 
EM211: 2 eos Ss ae 201 RC4558 ........ 103 TLO83 ..... LL. 139 
LM218 ........ 73 RM4136 ........ 101 THOSSA>. gies os 139 
LM224 «1... 65 RM4558 ........ 103 TEOS4: £2 e2 fekws 139 
LM239 ........ 209 SE555 1... 1... 281 TLOB4A ........ 139 
LM248 ........ 67 SE556 .....0... 291 TLO84B ........ 139 
LM258 ........ 71 SE5534. «ww. 105 TOSS os, ce ed-aatad 139 
LM293. ........ 211 SE5534A ow... 105 TOS? acer Pee kK 147 
LM301A_ www wk 59 TOD: « Geshe ty te xg 109 TLOBS «ee weev.b ob 147 
LM306 ........ 195 TLO44 2... 112 TEV, ose ee 219 
LM307. ........ 62 TLOGO ......... 115 THAGO: x ores a en 293 
LM311........ 201 TLOGOA ........ 115 a ee ee 295 
UMS18. da:cefe ee 73 TROGT. eine es ak 115 WAS! 3 ete de a 297 
LM324 ........ 65 TWOGIAS osdou ca 115 TIS” site coe cos 299 
LM339 ww... ee. 209 THOGIB: fescue en 115 VII? ca eto 301 
LM348 6... 67 TLOG2 ......... 115 ALAG2: abst ae hows 303 
LM358 «www, 71 TLOG2A ........ 115 TUBS i en Bede S 306 
LM393 1... we. 211 TEOGIB: . dads coho oe 115 TAGS. cao Geeta 309 
LM1900 ........ 77 TLOG4 .. 2. le. 115 WIG, -xs6:246 vee 312 
LM2900 ........ 77 TLOG4A ........ 115 jg ed: a 147 
LM2901 ........ 213 TLOG4B ........ 115 TOBE: «5% aryte low os 147 
LM2902 ........ 81 TLOGG ......... 123 TEGIM: feet sols 219 
LM2903 ........ 215 TLOGGA ........ 123 TESIAA. pines 2G 219 
LM2904 ........ 83 TLOG6B ........ 123 E321 oboe odes 151 
LM3302 ........ 217 TLOVO ......... 131 22 host ated 153 
LM3900 ........ 77 TLOVOA ........ 131 ro ic 223 
MC1445 ........ 277 TLO71 7.2... ee 131 T3936" sbacdebuks 225 
MC1458 ........ 85 TLOVIA~ 4 4-24505 131 TL37G: ova eeedas 315 


PAGE 
TL440 1.0.00... 319 
TL441 2... 325 
TUARD oo dng 333 
TL480 ......... 339 
TRARY: co aceedeeens 341 
oi |: a ere 343 
TEASG*. art wie ew 345 
TL490 ........ 349 
0: re 353 
TEGOO. jour a 6S alee 357 
TC504t eect aes 357 
V502- Beek eeede 357 
ThG09 ii gots 357 
TL505 ......... 369 
TL506 ow... wee 227 
TL5O07 . 2... 0. 377 
TUBIO) nahn wees 233 
TUBA 26. Sa tak oe 237 
TL560 1... 381 
TL6EO1 .. 2. ee 387 
TEGOR: Acar Shea 387 
TL607 ......... 387 
TLE10 2.0.0... 387 
TIO? inch eter 157 
TUPAOs 8 heed as Bex 239 
TEIQ0® <6 hens 9h 243 
TL810 «ww eee 245 
TUSID <n ce hens x 249 
MCC 20r 42,3 ecsaceaetg 255 
WAIO2. swag ep ecsie ea 163 
uA709 ......... 167 
UA709A ........ 167 
UATI0 ......00 259 
UA7I1 ......4.. 263 
WAISS hss Gala teats 393 
UAT41 .. 2... wee 173 
UAIAT : Que ealeoy ox 177 
uA7T4B ..... 00. 181 
UAT77. owe ee ee 185 
WAPDAO®: 5.54053 401 


For information on other linear and interface integrated circuits manufactured by Texas Instruments, see the ‘Linear and Interface Circuits 


Master Selection Guide,” ‘‘The Interface Circuits Data Book,” and ‘‘The Voltage Regulator Handbook.” 


FUNCTIONAL INDEX 





SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS 


DESCRIPTION DEVICE PAGE 


High Performance LM101A J, JG, U, W 


Military Temperature Range (-55°C to 125°C) 


Vio AvD SR_ | Icc Vcc 
mV VimV Vius | mA V 
| MAX [max | MAX | min |[TYP| TYP | MAX | MIN MAX _ 
75 0 | 50 1 +5 


1 0.5 | 3 +22 






















































































0.1 1 +18 |BIFET, Low Power TLOG6OM JG 
0.05 3 +18 | BIFET, Low Noise TLO7OM JG 
1 3 +18 BIFET, General Purpose TLO80M JG 
2,000 0.5 —7, +14| General Purpose TL702M J,U,W 
500 0.5 —7, +14} General Purpose uA702M J,JG,U,W 
50 1 +18 | General Purpose uA709AM | J, JG, U 
200 1 +18 General Purpose uA709M J, JG 
200 1 +2 +22 General Purpose uA748M J,JG,U,W 


250 
0.4 
0.2 
0.4 
0.2 
0.2 
0.4 

15,000 
1,500 

500 

100 


mimetic Nn ee 


High Performance 
BIFET, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 


High Performance 
BIFET, Low Power 
BIFET, Low Power 
‘BIFET, Low Noise 
BIFET, Low Noise 
BIFET, General Purpose 
BIFET, General Purpose 
General Purpose 


a 


General Purpose 
General Purpose 
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LM201A 
TLO6OI 
TLO7OI 
TLO801 


LM301A 
TLOG6OC 
TLO60AC 
TLO7OC 
TLO7ZOAC 
TLO80AC 
TLO8O0C 
TL702C 
uA709C 
uA748C 
uA777C 


J,JG,N,P 
JG,P 
JG,P 
JG,P 


J, JG,N,P 
JG,P 
JG,P 
JG,P 
JG,P 
JG,P 
JG,P 

J, JG,N 
J, JG,N,P 
J,JG,N,P 
J,JG,N,P 
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FUNCTIONAL INDEX 





SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 


Military Temperature Range (—55°C to 125°C) 


Vio AvD SR loc Vcc 
mV Vimv Vius| mA Vv DESCRIPTION DEVICE 
MAX [Min [T¥P| TvP [Max | MIN WAX 
75 10 3 +2 


50 1 0.5 +22 | High Performance J, JG, U,W 


50 6.5 z Low Noise 

Vn = 4nV/J/Hz Typ SE5534 JG 
50 6.5 ‘ Low Noise 

Vn =4.5nV/\/Hz Max | SE5534A | JG 

4 1 ‘ 0.2 +1. BIFET, Low Power TLO61M JG, U 

50 2.5 £3, BIFET, Low Noise 

Vq= 18 nV//Hz Typ TLO71M | JG 
50 2.8 : BIFET, General Purpose TLO81M JG 
50 2.8 BIFET, Low Vig TLO88M JG,U 
50 ; 1.0 General Purpose, TL321M JG 
50 , 2.8 General Purpose uA741M J, JG, U,W 


High Performance LM207 
High Performance LM218} 
BIFET, Low Power TLOG1I 
BIFET, Low Power TLOG6G6I 
BIFET, Low Noise TLO7I1I 
BIFET, General Purpose TLO811 
BIFET, Low Offset TLO87! 
BIFET, Low Offset TLO88! 
General Purpose TL3211 


NW WOAARMA AN 
on 

—_ 
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SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


Vio Avb SR ie 
mera VimV Vius DESCRIPTION 


max | max | min | TvP [Tye | MAX | MIN MAX 


High Performance 
High Performance 
Low Noise 

Vn = 4 nV//Hz Typ 
Low Noise 

Vn = 4.5 nV/\/Hz Max 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Power 

with Power Control 
BIFET, Low Power 

with Power Control 
BIFET, Low Power 

with Power Control 
BIFET, Low Noise 

Vn = 18 nV/J/Hz Typ 
BIFET, Low Noise 

Vn = 18. nV//Hz Typ 
BIFET, Low Noise 

Vn= 18 nVi/Hz Typ 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General! Purpose 
BIFET, Low Vig 
BIFET, Low Vig 


General Purpose, 
Genera! Purpose 
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FUNCTIONAL INDEX 


DEVICE 


LM307 
LM318 


NE5534 


NE5534A 
TLO61AC 
TLO61BC 
TLOG6G1C 


TLO66AC 


TLO66BC 


TLOG6EC 


TLO71AC 


TLO71BC 


TLO7I1C 
TLO81AC 
TLO8tBC 
TLO81C 
TLO87C 
TLO88C 


TL321C 
uA741C 
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FUNCTIONAL INDEX 





DUAL OPERATIONAL AMPLIFIERS | 


Military Temperature Range (—55°C to 125°C) 


Vio AvD SR 
mV Vimv aes 


ES ECO Be 





Automotive Temperature Range (—40°C to 85°C) 


500 j10 | 50 | 100 {1 [03] 06 | +3 +26 | General Purpose | M2904 | JG,P,U | 83 _| 


Industrial Temperature Range (—25°C to 85°C) 


wWwWooaannan 





DESCRIPTION 


Min Max | __ Purpose 
General Purpose 
High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Noise 

Vn = 18nV//Hz Typ 
BIFET, General Purpose 
BIFET, General Purpose 
General Purpose 
General Purpose 


General Purpose, 
General Purpose 
BIFET, Low Power 
BIFET, Low Noise 


BIFET, General Purpose 
BIFET, General’ Purpose 
BIFET, Low Offset 

BIFET, General Purpose 


TEXAS INSTRUMENTS 
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POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


DEVICE 


LM158 

MC1558 
RM4558 
TLO22M 


_ TLO62M 


TLO72M 
TLO82M 
TLO83M 
TL322M 
uA747M 


LM258 
TL322I 
TLO62! 
TLO72I 
TLO821 
TLO83i 
TL2871 
TL288! 








DUAL OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


Vio Avpb SR 
mV VimV V/us a 


a a | ax | [tye [rv | wax 


= = WWW WwW Ww WwW 


Sa I Ta aE a TE TIE TN TE I TS EE TT IS I TE I I A OA II INTREST 


DESCRIPTION 


SS ee Purpose 
General Purpose 
Low Noise 

Vy =5nV//Hz Typ 
Low Noise 

Vn = 5 nV//Hz Typ 
Low Noise 

Vn=4 nV/\/Hz Typ 
Low Noise 

Vn = 3.5 nV//Hz Typ 
High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Noise 

Va = 18 nV//Hz Typ 
BIFET, Low Noise 

Vn = 18 nV/\/Hz Typ 
BIFET, Low Noise 

Vn= 18 nV/\/Hz Typ 
BIFET, Genera! Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, Low Offset 
BIFET, General Purpose 
General Purpose 
General Purpose 


TEXAS INSTRUMENTS 


INCORPORATED 
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DEVICE 


LM358 
MC1458 


NE5532 


NE5532A 


NE5533 


NE5533A 
RC4558 
TLO22C 
TLO62AC 
TLO62BC 
TLO62C 


TLO72AC 


TLO72BC 


TLO72C 
TLO82AC 
TLO82BC 
TLO82C 
TLO83AC 
TLO83C 
TL287C 
TL288C 
TL322C 
uA747C 


FUNCTIONAL INDEX 


PACKAGES 
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FUNCTIONAL INDEX 





QUADRUPLE OPERATIONAL AMPLIFIERS 


Military Temperature Range (—55°C to 125°C) 


Avp SR 
VimV ae aA DESCRIPTION 


| MAX | MAX | ema in ee TYP | TYP | MAX | 


General Purpose 
High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Noise 

Vn = 18 nV/\/Hz Typ 
BIFET, General Purpose 
General Purpose 
General Purpose 
General Purpose 


General Purpose 
General Purpose 
General Purpose 


General Purpose, 
General Purpose 
BIFET, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 


Haaren rere eee ee eee eee a ET I I IIT TE IS ET TERE EI EEA I TE I EIT Et ETD 
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DEVICE 


LM124 

RM4136 
TLO44M 
TLO64M 


TLO74M 
TLO84M 
LM148 

LM1900 
MC3503 


LM2900 
LM2902 
MC3303 


LM224 
LM248 
TLOG41 
TLO74I 
TLO84\ 





FUNCTIONAL INDEX 





QUADRUPLE OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


Vio Avp SR Icc Vcc 
mV V/mV Vi/us| mA Vv DESCRIPTION DEVICE | PACKAGES 


Tmax [max [max [min [tye tye [max | MIN MAX | 
250 7 50 25 1 0.5 0.5 +3 +32 


General Purpose LM324 
General Purpose LM348 
General Purpose LM3900 
General Purpose MC3403 
High Performance RC4136 
Low Power TLO44C 
BIFET, Low Power TLO64AC 
BIFET, Low Power TLO6G4BC 
BIFET, Low Power TLO64C 
BIFET, Low Noise 

Vn = 18nV//Hz Typ TLO74AC 
BIFET, Low Noise 

Vy = 18 nV/J/Hz Typ TLO74BC 
BIFET, Low Noise 

V_ = 18 nV/J/Hz Typ TLO74C 
BIFET, Low Noise 

Vy = 18 nV/J/Hz Typ TLO75C 
BIFET, General Purpose TLO84AC 
BIFET, General Purpose TLO84BC 
BIFET, General Purpose TLO84C 
BIFET, General Purpose TLO85C 
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FUNCTIONAL INDEX 





VOLTAGE COMPARATORS 


Military Temperature Rangei(—55°C to 125°C) 


pA mV LA Avp mA 
MAX MAX MAX MIN 
45 7 






RESPONSE TIME 
ns 












POWER SUPPLIES | DEVICE | PACKAGE 















































































































3 40,000 TYP | 16 40 MAX 12 V, -3 V to—12 V} LM106 

4 0.02 [200,000 TYP } 8 140 TYP 15V,—-15V LM111 

4 0.02 {200,000 TYP } 8 210 TYP 1iSV,—-15V TL111 J, JG,N, P| 219 

5 0.025] 200,000 TYP | 6 1300 TYP 2V to 36 V TL331M 

3. 10,000 MIN | 0.5 80 MAX 12V,-6V TL510M 

6 500 MIN | 1.6 40 TYP 12V,-6V TL710M 239 

30 10,000 MIN | 0.5 80 MAX 12V,—-6V TL810M 245 
20 2 1250 MIN | 2 12V,-6V uA710M 259 

0.1 5 6 1300 TYP 2V to 36V LM193T JG, U 211 

45 3 7 40,000 TYP | 16 40 MAX 12V,—-3Vto-12V| TL506M } J,W 227 
25 3 7 10,000 MIN | 0.5 80 MAX 12V,-6V TL514M | J,W 237 
25 3 10,000 MIN | 0.5 12V,-6V TL820M | J 255 





7 
Dual- 30 5 8,000 MIN 80 MAX 12V,-6V TL811M J,U 249 
Paved [oa [8 | 0025[00p00Tvr | 6 | isooTve [| 2Vrsev[ummaer | Ww | 200 


Automotive Temperature Range (—40°C to 85°C) 


0.25 7 100,000 TYP 1300 TYP 2Vt036V LM2901T| J,N 213 
0.5 20 1300 TYP 2Vto28V LM3302T| J,N 217 


30,000 TYP 
tCapable of operating with a single 5-volt supply. 
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FUNCTIONAL INDEX 





VOLTAGE COMPARATORS 


Industrial Temperature Range (—25°C to 85°C) 


SHR Ee 
LA mV LA AVD mA 
MAX MAX MAX MIN 
45 7 40,000 TYP | 16 
em 0.15 0.2 |200,000 TYP 
0.1 6 
0.1 0.025 | 200,000 TYP 6 
Dual | 


[028] 5 | 0.005|200.000Tve | 6 | 1300TvP | aVvosev | uwaoat | icp | 211 


15 | 0.025] 200,000 TYP 1300 TYP 2 V to 36 V TL336IT | JN 










RESPONSE TIME 





POWER SUPPLIES 







DEVICE | PACKAGE rece 


12 V,-3 V to—12 V} LM206 J,JG,N,P} 195 


















































140 TYP 15V,—15V LM211T J, JG, P 201 
1300 TYP 2V to36V TL3111T JG,P 223 
1300 TYP 2V to36V TL3311T JG,P 223 

































12V,-3Vto—12V| LM306 







40,000 TYP J, JG,N,P 



























































200,000 TYP 165 TYP 15V,-15V LM311t J, JG, N, P 
200,000 TYP 210 TYP 15 V,-15V TL3117T N,P 
200,000 TYP 210 TYP 15V,—-15V TL311AT] N,P 
200,000 TYP 1300 TYP 2Vto36V TL331CT| JG,P 
8000 MIN 80 MAX 12V,-6V TL510C J, JG,N,P 
500 MIN 40 MAX 12V,-6V TL710C J, JG, N, P 
8000 MIN 80 MAX 12V,-6V TL810C J, JG, N,P 



















40 TYP J,JG,N,P 
1300 TYP 


28 TYP 


12V,-6V uA710C 
2V to36V LM393T 
12 V, -3 Vto-12 VV] TL506C 
8000 MIN 80 MAX 12V,-6V TL514C 
8000 MIN 80 MAX 12V,-6V TL820C 255 


J,N 
5000 MIN 33 TYP 12V,-6V TL810C J,JG,N,P] 245 
500 MIN 40 TYP 12V,-6V uA711C J, N 263 


1000 MIN 
200,000 TYP 
40,000 TYP 




















J,N 

















1200 TYP imazot | aN | 209 | 
1300 TYP 2 V to 36 V TL3z6ct} N — | 225 | 






- TCapable of operating with a single 5-volt supply. 
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FUNCTIONAL INDEX 


EE TR ee I PO TT a EI IL EIT TO DIET ETI NTE TITIES TIE TT SE TIO ODN BITTE STR IE TESTES 


SPECIAL FUNCTIONS 


PAGE 
Timers 
SE555 : General-purpose timers adjustable from 1 microsecond to 1 second . 2... ee ce te te ee ee te es 281 
NE555 : Commercial-temperature version of SE555 2.1 1. ee ee we tee ee ee we we te ee ee 281 
SE550. + «Duaglwversign Gt SE559 vc sis oe gh cas ee ek oy So Seri eee ae oh teat eae: lew eke aes Pa ie ee Sg Ew og 291 
NE556 : Commercial-temperature version of SE556 2... ee te ee te ee ee ee ee et 291 
vA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1 second ...........2.008 401 
“Amplifiers 
MC1445 : 2-channel-multiplexed video amplifier 2... 0... ee ee ee et ee ee ee ee ee ee ee ees 277 
TL441 : Logarithmic amplifier with 80-dB inputrange 6. ke ee ee te eee teens 325 
uA733  : Differential video amplifier with 200-MHz bandwidth 1.2... 1. eee ee ee ee ee ee ee 393 
Voltage-Level Detectors 
TL480 : = 10-level logarithmic converter in the Jor Npackage 2... 1... ce ee te et eet ee ee ee ee tt es 339 
TL481 : 10-level logarithmic converter in the Jor N package .. 1... . et te ee ee we ee ee eee es 341 
TL487 : 5-level linear converter in the Por JG package 2.1 1. ee ee ee te ee ee ees 343 
TL489 : _ S-level logarithmic converter in the Por JG package .. 1... eee te te et et te em et tt te et ee 345 
TL490 : = 10-leve!l linear converter inthe Jor Npackage 1... ee ee ee ee te ee ens 349 
TL491  : 10-level linear converterinthe Jor N package 2.1... ce te tt eee ee ee ee ee eee 353 
Analog-to-Digital Converter Components 
ADCO0808: Successive-approximation converter 1... ke ee ee ee ee ee es 270 
ADCO809: Successive-approximation converter . 2... ce te ew wt te ew ee ee ee 270 
ADCO816: Successive-approximation converter 1... ee ee ee ee ee et es 272 
ADC0817: Successive-approximation converter with 8-bit resolution oo... 0... ee te te ee ee ees 272 
TL500 : # Dual-slope-converter analog processor with 14-bit resolution 2... 0... te ee te ee ee ee 357 


TL501 : Dual-slope-converter analog processor with 13-bit resolution 2... 0... 2 ee et te tte ett ee et ee 357 
TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs 
TLS503  : Dual-slope-converter digital processor with 4%4-digit capability, BCD outputs 
TL505 : Dual-slope-converter analog processor with 10-bit resolution ........0 02. eee ee ee et ete ee 369 


TL507 : = Pulse-width modulator with 7-bit resolution . 2... ee tt ee ee ee te et ee ee ee 377 
Zero-Crossing Detector 

STON cs by ee teste as tee tats Beas gg Geet ac ecole ear ses de ia aden Gch LAREN ae OOS AEG ete en leak ee 319 
Doubly-Balanced Mixer 

MAA ayes ah ee auiias erst hs BOs teen ts Ven ATS eae hy et ear ca atn ar aNd. Ale Bs ec aien Pea 333 
Precision Level Detector 

TUSGOss 46 acon iets sg what ete GE be eh asa, & SI oie RO de ace God A hk a eh ee tere woe io 381 
Overvoitage Sensing Circuits 

[occ kc SA a ee PRE ne Tn Pa Dome ER Pa ae RE ee ee ORC NPE aN Ero ee 279 

NCIS 2S” oe lak dd Und anaa SP Oe Ae SOS Me: DE WES Rae CULE Etre 279 
3-Channel Stepper-Motor Controller 

TSI G se etna ag ce Si A Ae Rote s Geth Eeorns Na See a Soo Dacha RA Sie eae a erat URS 315 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


FUNCTIONAL INDEX 


SPECIAL FUNCTIONS 
Analog Switches With 30-mA Capability (Bi-MOS) 


ANALOG 
DEVICE FUNCTION he RANGE SUPPLIES 


Twin SPST 


Twin DPST 

Dual Complementary SPST 
Twin Dual Complementary 
SPST 





Analog Switches With 10-mA Capability (P-MOS) 


ANALOG 
DEVICE FUNCTION pest RANGE SUPPLIES 


SPDT 
Complementary SPST 
SPDT 
SPST 





Hall-Effect Devices 


General purpose switch >+350 G <—350 G 
Normally-off switch >+600 G <+100 G 
Latch >+350 G <—350 G 


Normally-off switch >+500 G <+100 G 


(Automotive Temp. Range) 
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INTERCHANGEABILITY GUIDE 
(ALPHABETICALLY BY MANUFACTURERS) 


Direct replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should 
compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained in this list. 


: FAIRCHILD ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 








XXX oD c 
Package Type 











D=C-DIP 
F = FLAT PACK 
P = PLASTIC DIP 
T = MINI DIP 

H = METAL CAN 


C = Commercial/Industrial Consumer M = Military 
O°C to 70°C or 75°C —55°C t0 125°C 











FAIRCHILD Ti DIRECT Tt CLOSEST . FAIRCHILD TI DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT pare nee eee REPLACEMENT REPLACEMENT 
HAIOIA LM101A uA710 uA710 
“A107 LM107 uwA711 uA711 
BA111 LM111 uA733 uA733 
wA139 LM139 wA734 LM111 
LnA201A LM201A uA741 uA741 
A207 LM207 uwA742 TL440 
BASOIA LM301A uA747 uA747 
A304 LM304 ywA748 uA748 
#A307 LM307 “A776 uA777 
HA311 LM311 uA777 uA777 
uASSS SE555 wA2240C uA2240C 
uwASSEC NE556 HA3302C LM3302 
HASSEM SE556 pA3403 MC3403 
HAT02 uA702 uA4136C RC4136 
A709 uA709 pA4136M RM4136 
uAT09A uA709A 
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MOTOROLA ORDER INFORMATION 


EXAMPLE OF ORDER CODE: 


Mc XXX P 


Different Numbers F = Flat Package 
Are Used For Variations G = Metal Can 
In Operating Temperatures L=C-DIP 
P = Plastic 












MOTOROLA TI DIRECT Tl CLOSEST MOTOROLA Tt DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
MLM101A LM101A MC1545 MC1545 
MLM107 LM107 MC1539 LM101A 
MLM111 LM111 MC1555 SE555 
MLM201A LM201A MC1558 MC1558 
MLM207 LM207 MC1709 uA709 
MLM211 LM211 MC1710 uA710 
MLM301A LM301A MC1711 uA711 
MLM307 LM307 MC1i712 uA702 
MLM311 LM311 MC1733 uA733 
MC1414 TL514 MC1741 uA741 
MC1420 uA733 MC1747 uA747 
MC1430 uA702 MC1748 uA748 
MC1431 uA702 MC3302 LM3302 
MC1433 LM301A MC3302P LM339 
MC1439 LM301A MC3303 MC3303 
MC1445 MC1445 MC3403 MC3403 
MC1455 NE555 MC3423 MC3423 
MC1458 MC1458 MC3503 MC3503 
MC1514 TL442 MC3523 MC3523 
MC1530 uA702 MC4558 RM4558 
MC1531 uA702 MC4558C RC4558 
MC1533 LM101A 
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NATIONAL ORDER INFORMATION 


EXAMPLE OF ORDER CODE: 
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LM 1 XXXX N 
1or7=55°C to 125°C D=C-DIP 
F = Flat Pack 
LM, LH = Linear H = Metal Can 
DM = Line Ckts N = Mini-DIP 
NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

ADC0808 ADC0808 LM348 LM348 

ADC0809 ADCO809 LM358 LM358 

ADC0816 ADC0816 LM393 LM393 

ADCO817 ADCO0817 LM555C NE555 

DS5534 NE5534 LM555M SE555 

LM101A LM101A LM556 SE556 

LM102 LM102 LM556C NE556 

LM106 LM106 LM709 uA709 

LM107 LM107 LM709A uA709A 

LM110 LM110 LM709C uA709C 

LM111 LM111 LM710 uA710 

LM112 LM112 LM710C uA710C 

LM118 LM218 LM711 uA711 

LM124 LM124 LM711C uA711C 

M139 LM139 LM733 uA733 

LM148 LM148 LM733C uA733C 

LM158 LM158 LM741 uA741 

LM193 LM193 LM741C uA741C 

LM201A LM201A LM747 uA747 

LM206 LM206 LM747C uA747C 

M207 LM207 LM748 uA748 

LM211 LM211 LM748C uA748C 

LM218 LM218 LM1414N TL514C 

LM224 LM224 LM1458 MC1558 

LM239 LM239 LM1514 TL514M 

LM248 LM248 LM1558 MC1558 

LM258 LM258 LM1900 LM1900 

LM293 LM293 LM2900 LM2900 

LM301A LM301A M2901 LM2901 

LM306 LM306 LM2902 LM2902 

LM307 LM307 LM2903 LM2903 

LM311 LM311 LM2904 LM2904 

LM318 LM318 LM3302 LM3302 

LM324 LM324 LM3900 LM3900 

LM339 LM339 LM3905 NE555 


RAYTHEON ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 


R M XXX L 


DC = C-DIP 
DP, ND = Plastic DIP 
Q,J = Flat Pack 

TO = Metal Can 


Temperature Range 






M = Military 
C = Consumer 





RAYTHEON TI DIRECT TI CLOSEST RAY THEON TI DIRECT TI CLOSEST 
| REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
LM101A LM101A RC556 NE556 
LM106 LM106 RC702 uA702C 
LM107 LM107 RC709 uA709C 
LM111 LM111 RC710 uA710C 
LM118 LM218 RC711 uA711C 
LM124 LM124 RC733 uA733C 
LM139 LM139 RC741 uA741C 
LM158 LM158 RC747 uA747C 
LM201A LM201A RC748 uA748C 
LM206 LM206 RC1458 MC1458 
LM207 LM207 RC3302 LM3302 
LM211 LM211 RC3403 Mc3403 
LM218 LM218 RC4136 RC4136 
LM224 LM224 RC4558 RC4558 
LM239 LM239 RM555 SE555 
LM258 LM258 RM556 SE556 
LM301A LM301A RM702 uA702M 
LM306 LM306 RM709 uA709M 
LM307 LM307 RM710 uA710M 
LM311 LM311 RM711 uA711M 
LM318 LM318 RM733 uA733M 
LM324 LM324 RM741 uA741M 
LM339 LM339 RM747 uA747M 
LM358 LM358 RM748 uA748M 
LM1900 LM1900 RM1514 TL514M 
LM2900 LM2900 RM1558 MC1558 
LM3900 LM3900 RM4136 RM4136 
RC555 NE555 RM4558 RM4558 
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SIGNETICS ORDER INFORMATION 


EXAMPLE OF ORDER CODE: 
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NE XXXX B 

NE = 0°C to 70°C or 75°C: F,1 = C-DIP 

SE = —55°C to 125°C A,B,N, V = Plastic DIP 

Q, W = Flat Pack 

SIGNETICS Tl DIRECT Ti CLOSEST SIGNETICS Ti DIRECT Ti CLOSEST 

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
LM101A LM101A NE5533 NE5533 
LM107 LM107 NE5533A NE5533A 
LM111 LM111 NE5534 NE5534 
LM124 LM124 NES534A NE5534A 
LM139 LM139 SE532 LM158 
LM201A LM201A SE555 SE555 
LM207 LM207 SE556 SE556 
LM211 LM211 SE5534 SE5534 
LM224 LM224 SE5534A SE5534A 
LM239 LM239 SE5733 uA733M 
LM301A LM301A uA709 uA709 
LM307 LM307 uA709A uA709A 
LM311 LM311 uA710 uA710M 
LM324 LM324 ~uA710C uA710C 
LM339 LM339 uA711 uA711M 
MC3302 LM3302 uA711C uA711C 
NE532 LM358 uA741 uA741M 
NE555 NE555 uA741C uA741C 
NE556 NE556 uA747C uA747C 
NE5532 NE5532 uA748 uA748M 
NE5532A NE5532A uA748C uA748C 








Thermal Information 


28 


THERMAL INFORMATION 





THERMAL CONSIDERATIONS 


The power dissipation capability of semiconductor devices is limited by the maximum allowable virtual junction 
temperature, the ambient temperature, and the thermal resistance between the virtual junction and the ambient 
environment. 


The temperature differance between the junction and the ambient environment is 
Ty— TA = Pp R@JA (1) 
where Ty = virtual junction temperature, °C 
TA = ambient temperature, °C 
Pp = power dissipated in the device, W 
R@JA = thermal resistance, junction to ambient, °C/W 
Solving for Ty, 


Ty=TA+Pp REJA (2) 


The rating curves that follow assume the ambient environment is still air, that no heat sink is used, and that the 
junction temperature should not exceed 150°C. 


R@JjJA may be reduced by the use of a heat sink. 


Rasa = Rasc t+ R@Cca (3) 


where R@jc = thermal resistance, junction to case, and Rgca = thermal resistance, case to ambient. Rgca is a function 
of the heat sink, mounting technique, and air velocity. 


Substituting equation (3) into equation (1) and solving for Pp, 
(4) 


TJ-TA 
ReJC + ReCA 
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JUNCTION-TO-CASE JUNCTION-TO-AMBIENT 


THERMAL RESISTANCE 
THERMAL RESISTANCE . THERMAL RESISTANCE 


eee Rec (CMW) Rosa (C/W) 
Jce ic dual-in-line 

ramic dual-in im ade 6 122 
(glass-mounted chips) 
J ceramic dual-in-linet 

: oe 14 thru 20 29t git 
(alloy-mounted chips) 


JG ceramic dual-in-line 



















(alss-mounted chips) ae 
JG ceramic dual-in-linet t t 
j 26 119 
(alloy-mounted chips) 
CP plastic usin 
dre ee 14 thru 20 ae eee (| 
NG plastic dual-in-line ae 










P plastic dual-in-line 


T 1n addition to those products so designated on their data sheets, all devices having a type number prefix of ‘SNC’ or “SNM,” or a suffix of 
“*/883B"' have alloy-mounted chips. 





J PACKAGES JG LP 
PACKAGE PACKAGE 


N PACKAGES NE 
PACKAGE 


16-PIN 


PACKAGE 
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THERMAL INFORMATION 


These curves are for use with the continuous dissipation ratings specified on the individua) data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


Maximum Continuous Dissipation—mW 


| | | | tt ty} TAY 
pt ft | tt ty AT 





1200 

1100 

1000 
900 
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700 
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400 
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pt tt | EE eT eZ 
i tt tt yA AT A 





40 


PLASTIC PACKAGES 


DISSIPATION DERATING CURVE 


y, 


et tt tt AL YY AL 
pi tt tte PTAA 





45 50 55 60 65 


TA—Free-Air Temperature—C 
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PLASTIC PACKAGES (CONTINUED) 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 
2100 


2000 





1900 


1800 










TALL 


700 


600 


i ol 

- Oe ee ee ah cael 
a PRL] wtb PPG ae 
£ 
aS ae 
5 1300 — — 
: awh ae 
—t | | Pp ARYL TN 
© 1100 in >. 
5 1000 = 
|} | | | [| ff | PAN 
-_ et tt Tt tT tt tS 
% 


500 





400 
300 


200 
5 40 45 50 55 60 65 70 75 80 85 


T ,j—Free-Air Temperature—C 


25 30 3 
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CERAMIC DUAL-IN-LINE PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


Maximum Continuous Dissipation—mW 


rVitf FLU 








Y; 


300 






\ 
‘ 
i 


5 50 75 100 


Ta—Free-Air Temperature—° C 


YY 
| | [Agi A | | | tf ft tl 


200 


100 





2 


T In addition to those products so designated on their data sheets, all devices having a type number prefix of “SNC” or “SNM”, or a suffix of 


“1883B" have alloy-mounted chips. 
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FLAT PACKAGES 


These curves are for use with the continuous dissipation ratings specified on-the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


SEE 
\ . 
UNG EEE EEE 
ELLA EEE EEE 
SNELL NEE 
LLPNELEEN EEE 
TWENTE 
ALELEE EAN = \ = 
TTP 
AULT TTA NS 
HR 


Ta—Free-Air Temperature—C 
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800 
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500 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 





ORDERING INSTRUCTIONS 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline 
drawing shown in this section. 


Factory orders for circuits described should include a four-part type number as explained in the following example. 
EXAMPLE: TL 022M JG /883B 


ine 7 


MUST CONTAIN TWO OR THREE LETTERS 

















TL Ti Linear Contro! Products 
SN Tl Interface Products 
SNM Mach IV, Level 1 
JM38510 JAN Productt 


STANDARD SECOND-SOURCE PREFIXES 


LF or LM National MC Motorola 
NE or SE Signetics uA Fairchild 
RM or RC Raytheon 


2. Unique Circuit Designator Including Temperature Range 





MUST CONTAIN THREE TO SEVEN CHARACTERS 


(From Individual Data Sheets) 


Examples: 022M 1414 
101A 75450B 
107 78LO05AC 





MUST CONTAIN ONE OR TWO LETTERS 


J, JG, LP, N, NE, NG, P, U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 


4. MIL-STD-883B, Method 5004, Class B 


NOT USED WITH PART NUMBERS HAVING AN SN PREFIX 





Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the 
customer (with possible additional costs), circuits will be shipped in the most practical! carrier. 


Dual-In-Line (J, JG, N, NE, NG, P) Plug-In (LP) Flat (U, W) 
—Slide Magazines —Barnes Carrier —Barnes Carrier 
~—A-Channel Plastic Tubing —Sectioned Cardboard Box —Milton Ross Carrier 
—Barnes Carrier —Individual Cardboard Box 


—Sectioned Cardboard Box 
—Individual Plastic Box 


TFor ordering instruction on JAN Products, see Section 8, page 409. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 





J ceramic dual-in-line package 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, or 20-lead frame. 
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 0.300 
(7,62) centers (see Note-a). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Tin-plated (bright-dipped) !eads require no additional cleaning or processing 


when used in soldered assembly. 


14-PIN J CERAMIC 


0.025 (0,63) R NOM 


0.310 (7,88) 
0.290 (7,36) 
0.280 (7,11) 
0.245 (6,22) 


0.020 (0,51) MIN 
0.050 


(1,27) NOM 


0.785 (20,0) 
0.755 (19,1) 


©O® OO OO® 


O®MOOOO® 


0.070 (1,78) MAX 14 PLACES 


GLASS 


- SEATING PLANE 


14 PLACES 


0.014 (0,356} 
0.008 (0,203) 
14 PLACES 


0.130 (3,30) 


0.200 (5,08) SEALANT 


MAX 


0.030 (0,76) MIN 
14 PLACES 
0.023 (0,584) 
>| PaEXOREIT 015 (0,381) TS EACES 
MIN 0.100 (2,54) 
0.070 (1,77) PIN SPACING 0.100 (2,54) T.P. 
4 PLACES (See Note b) 


Falls within JEDEC TO-116 and MO-001AA Dimensions 


0.310 (7,88) 
0.290 (7,36) 


0.280 (7,11) 
0.245 (6,22) 


0.050 (1,27) NOM 


- SEATING PLANE 
16 PLACES a 0.014 (0,356) 
0.008 (0,203) 
16 PLACES 


NOTES: a. 


16-PIN J CERAMIC 


0.785 (20,0) 
0.755 (19,1) 


aaa 


0.025 (0,63) R NOM 


VW®@OOOOD®O 


0.070 (1,78) MAX 16 PLACES 


GLASS 


0.200 (5,06) SEALANT 


MAX. } 
0.030 (0,76) MIN 
12 PLACES 


0.130 (3,30) 0.023 (0,584) 46 pi aces 
MIN 0.015 (0,381) 
0,012 (0,304) MIN 
4 PLACES 


PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 


0.050 (1,27) 


0.015 (0,38) eERAUES 





All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 


b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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J ceramic dual-in-line packages (continued) 


20-PIN J CERAMIC 


0.975 (24,8) 


| 0.930 (23,6) | 


2 © S98 OOO Ow 


0.025 (0,63) R NOM 


0.310 (7,88) 
0.290 (7,36) 


0.300 (7,62) 


0.245 (6.22) OO OOOOOOO® 


0.020 (0,51 
0.050 (1,27) NOM (0,51) 0.070 (1,78) MAX 20 PLACES 


GLASS 
SEALANT 


0.030 (0,76) MIN 
20 PLACES 16 PLACES 


\ 0.014 (0,356) 0.02 
0.008 (0,203) 0.012 (9,304) MIN Al 20 PLACES 


20 PLACES 4 PLACES 0.015 (0,381) 
0.050 (1,27) 


0.015 (0,38) 4 PLACES 





PIN SPACING 0.100 (2,54) T. P. 
(See Note b) 





JG ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. Hermetic sealing 
is accomplished with glass. The package is intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see 
Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the board 
during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in soldered 
assembly. 


8-PIN JG CERAMIC 


0.400 (10,2) 
f 0.355 (9,0) 
0.025 (0,63) R NOM 
t 0.310 (7,88) 


0.290 (7,36) 
0.280 (7,11) ® @) 3) @) 


0.245 (6,22) 


| 0.050 (1,27) NOM 0.070 (1,78) MAX 8 PLACES 
i GLASS 
0.200 (5,08) SEALANT 
MAX y 
- SEATING PLANE 
105 0.020(0,51) av 0.030 (0,76) MIN 
8 eiaces 0.014 (0,356) 8 PLACES 
wi F008 (0,203) 0.130 (3,30) 0.023 (0,584) 
8 PLACES MIN 0.015 (0,381 381) 
8 PLACES 
9.065 (1,65) 
0.015 (0,38) 
4 PLACES 


PIN SPACING 
0.100 (2,54) T.P. 
(See Note b) 








NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true fongitudinal position. 
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LP Silect? plastic package 


The Silectt package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperature without deformation. The package exhibits stable performance characteristics under 
high-humidity conditions and is capable of meeting MIL-STD-202C, Method 106B requirements. 


SEATING PLANE 0.165 (4,19) 
0.050 (1,27) 0.125 (3,17) 
| (see Note b) 0.105 (2,67) 0.105 (2,67) 


= 0.080 (2,03) 0.080 (2,03) 


0.205 (5,21) 
21) 0.135 (3,4 
0.175 (4,44) DIA. , = 


, *%+— 
0.100 + 0.005 


0.210 (5,34) (2,54 + 0,13) 
0.170 (4,32) 
0.500 (12,7) MIN 0.050 + 0.005 


(1,27 + 0,13) 
Falls Within JEDEC TO-226AA Dimensions 0.015 + 0.001 THICK 
(TO-226AA Replaces TO-92) (0,43 +0 3 —0.03 WIDE 
0,38 + 0,03 THICK) 
(see Note c) 


3 LEADS 
0.017 + 0.005, —0.001 WIDE 





ETrade Mark of Texas Instruments |ncorporated, 
NOTES: a. Dimensions are in inches and parenthetically in watitimeters: Inch dimensions govern, 
b. Lead dimensions are not controlled in this area. 
c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03). 
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N, NE, and NG plastic dual-in-line packages 


These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 18-, 20-, or 40-lead frame and encapsulated 
within an electrically nonconductive plastic compound. The compound will withstand soldering temperature with no 
deformation, and circuit performance characteristics will remain stable when operated in high-humidity conditions. 
The packages are intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see Note a). Once the leads 
are compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. Tin- 
plated (bright-dipped) leads require no additional cleaning or processing when used in soldered assembly. The NE 
package is available only in a 14-pin version and has internal metal tabs connecting the center three leads on each 
side for better heat dissipation. The NG package is available in either 14- or 16-pin versions and is intrinsically similar 
to the N package but provides better heat dissipation. 



















14-PIN N, NE, AND NG PLASTIC 





0.770 (19.6) 
0.710 (18,0) 


OO®D OOOO 










0.093 (2,36) R NOM 
0.300 + 0.010 0.110 (2,79) NOM 
(7,62 t 0,26) 


eo eae 
0.080 (2,03) NOM 


| 0. 070 (1,78) MAX 14 PLACES 


a © f 0.020 (0 a 
0.010 (0,25) NOM 
(0,25) 0.200 (5,08) MAX aa 
— SEATING PLANE 
105° 0.033 (0,83) MIN 
90° 14 PLACES 


14PLACES .\ lg 0.011 0.003 




















(0,279 + 0,076) 0.125 (3,17) MIN > os + 0.003 
57 + 0,076 
a EER GES 0.075 + 0.020 SLAC ER 
(1,90 + 0,51) 
4 PLACES PIN SPACING 0.100 (2,54) T.P. 


(See Note b) 


Falts Within JEDEC TO-116 and EIA MO-001AA Dimensions 


16-PIN N AND NG PLASTIC 


0.870 (22,1) MAX 


OOO OOOOO 








0.300 + 0.010 
(7,62 + 0,26) 


0.093 (2,36} R NOM 
0.166 (4,06) NOM 


0.250 + 0.010 

{6,35 + 0,26) 

0.080 (2,03) NOM YO@®O OO OO® 
| f= 0.070 (1,78) MAX 16 PLACES 

0.020 (0,51) 


0.200 (5,08) MAX 





0.010 (0,25) NOM 


—— SEATING PLANE 








105 0.033 (0,83) MIN 
16 PLACES 
is PLACES 
: ae| Le 0.011 # 0.003 | ke 0.018 + 0.003 
(0,279 0,076) 0.125 (3,17) MIN (0,457 + 0,076) 
P 
16 PLACES 0.095 (2,41) 16 PLACES 
0.015 (0,38) PIN SPACING 0.100 (2,84) T.P. 
A4PLACES (See Note b) 


ALTERNATE SIDE VIEW 
—>|  [#-0.070 (1,78) MAX 16 PLACES 











Package configuration of 
16-pin N package (see 
alternative sideviews) is 
at the option of Tl. 


0.020 (0,51 
0.200 (5,08) MAX 


>| 0,033 (0,83) MIN 
12 PLACES 
0,125 (3,17) MIN —»| |e 0.018 +0,003 
(0,457 # 0,076) 
DCs 2 Ai 16 PLACES 
perry PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


41 


42 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 





N plastic dual-in-line packages (continued) 











18-PIN N PLASTIC 


0.920 (23,4) MAX 


OMOOOO OOOO 





0.093 (2,36) R NOM 
0.300 + 0.010 
(7,62 + 0,26) 0.160 (4,06) NOM 


0.275 (6,99) MAX . on 


0.080 (2,03) NOM Sns0 56 
[to 035 (0,76) MAX 18 PLACES 


L oo10 (0,25) NOM 0. baa an 
0.200 (5,08) MAX 
: —SEATING PLANE 
xr 0.035 (0,76) MIN 
18 eURGER 18 PLACES 


ole 0.01120,003 0.125 (3,17) MIN —| |a— 0.018 + 0.003 


(0,279 + 0,076) (0,457 + 0,076) 
18 PLACES 18 PLACES 








































0.075 (1,91) PIN SPACING 0.100 (2,54) T.P. 
0.009 (0,22) (See Note b) 
4PLACES 





20-PIN N PLASTIC 
1,070 (27,2) 
0.920 (23,3) 


OOOOOOOOO® 





0.093 (2,36) R NOM 


.300 ¢ 0.010 
cee 0,160 (4,06) NOM 


(7,62 + 0,26) 


0.275 (6,93) MAX ADOOOOOOOM 


0.080 (2,03) NOM 























' >| le 0.070 (1,78) MAX 20 PLACES 
L 0.010 (0,25) NOM ozo toe) 


0.200 (5,08) MAx MIN 





—— SEATING PLANE = 


>| be-0. 033 (0,83) MIN 





20 PLACES 
o\« 0.011 + 0.003 0.155 (3,94) | be— 0.018 + 0.003 
(0,279 + 0,076) 0.125 (3,17) (0,457 + 0,076) 
20 PLACES» 20 PLACES 


0.075 (1,91) PIN SPACING 0.100 (2,54) T.P. 
0.009 (0,22) (See Note b) 
4 PLACES 












ALTERNATE SIDE VIEW 
i 0.070 (1,78) MAX 20 PLACES 
0.020 (0,51) 
0.200 (5,08) MAX MIN 


















Package configuration of >| 0.033 (0,83) MIN 
20-pin N package (see 16 PLACES 
alternative sideviews) is 

tt ion of: 0.018 + 0.003 
at the option of TI. 0.155 (3,94) -»| * 


(0,457 + 0,076} 
20 PLACES 





0.325 (3,17) 










0.075 (1,91) 
0.009 (0,22) PIN SPACING 0.100 (2,54) T.P. 


4 PLACES (See Note b) 
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N plastic dual-in-line packages (continued) 
40-PIN N PLASTIC 


€ 0.600 + 0.010 € 
(15,24 + 0,28) 


ee ee eT 

+ TTT obo ts.00 max 

: YY YY YY YY A fron 
0.031 + 0.003 se 

(0,279: ore" erieme lt Seen 


PIN SPACING 0.100 (2,54) T.P. 9.095 (2,42) 


0.055 (1,39) 
(See Note b) 0.060 (1,52) NOM 





' NOTES: a. All dimensions are in inches and parenthetically in miilimeters. Inch dimensions govern. 


b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition. 


seem mm 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 





P plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on an 8-lead frame .and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics 
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows 
on 0.300-inch (7,62) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided 
to secure the package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or 
processing when used in soldered assembly. 


8-PIN P PLASTIC 0.400 (10,2) MAX 


OOO ® 


INDEX DOT 


q 
0.300 (7,62) T.P. 


(See Note b) @) @) G) @) 


0.250 + 0.010 0.070 (1,78) MAX 
(6,35 + 0,026) 8 PLACES 


0,200 (5,08) 


A eeatine PLANE 0.033 (0.84) MIN 
AUGE PLAN Oss 0, 
GAU e 0.020 (0,51) | 8 PLACES 
me 0.030 (0,76) MIN 
8 PLACES 0.000 (0,00) 


\ . be 0.018 + 0.003 
A 0.011 ¢ 0.003 r¥) | fe core t 0,076} 
(0,279 + 0,076} 8 PLACES 
8 PLACES 0.100 (2,54) T.P. 





6 PLACES 
(See Note b) 





NOTES: a, Ail dimensions are in inches and parenthetically in millimeters. Inch dimensions govern, 
b. Each pin is within 0.005 (0,127) radius of true position (TP) at the gauge plane with maximum material condition and unit installed, 


NT 6 BR aw i OE Te ETT 
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U ceramic flat packages 


These flat packages consist of a ceramic base, ceramic cap, and 10- or 14- lead frame. Circuit bars are alloy-mounted. 


Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional cleaning or processing 
when used in soldered assembly. 


10-PIN U CERAMIC 14-PIN U CERAMIC 


GOK X@ X76) 
“Tr tesa SSE = oo aaa OQOOQOOOO® 


10 LEADS (See Note b PIN SPACING 
2006 (ASS) 14 LEADS 0.060 (1,27) TP. 
- : (See Note b) 


0.350 (8,89) 
0.200 (5,08) 


1.000 (25,4) ae : a! ‘ 0.265 (6,73) 
0.750 (19,0) " 0.235 (5,97) 
ALTERNATE 
: : ALTERNATE 
INDEX POINTS INDEX POINTS 





0.080 (2,03) 0.080 (2,03) 


—i— 


0.060 (1,27) 0.060 (1.27) 


0.350 (8,89) 
0.200 (5,08) 


3 0.060 (1,27) 
0,060 (127)_,] [= my] be 9:925.10,64) comin | -o| fo 9.019 10,889) 14 Leaps 


.01 1 
0.005 (0,12) 0.250 (6,35) 0.000 (0,00) 0.015 (0,381) 


OGOEX) OOOOOOO 


Falls Within JEDEC MO-OO4AE Dimensions Falls Within JEDEC MO-004AA Dimensions 





NOTES: a. All dimensions are in inches and parenthetically in mijlimeters. Inch dimensions goven. 
b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition. 
c. This dimension determines a zone within which all body and lead irregularities lie. 
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A RT RT TE a TE I TE DO EA le A aI TS OTS SEE LG OT I RII ES FIT I EIS EIT 
W ceramic flat packages 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and.cap and a 14- or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional 
cleaning or processing when used in soldered assembly. 


14-PIN W CERAMIC 16-PIN W CERAMIC 


OOOOOOO st OOOOOOOO 


0.006 (0,352) 0.050 (1,27) TP 
leo}. 0.060 (1,27) TYP 0.003 (0,076) : : 14 PLACES 
12 PLACES 16 LEADS (See Note b} 


(See Note b) 


0.350 (8,89) 


a ; : 0.310 (7,87) 
0.019 (0,483) ; 0.079 (0,483) 


0.015 (0,381} pa Bake 
14 LEADS BASE AND 0.015 (0,381) 
SEATING PLANE 16 LEADS 


3 0. zi {7,62) 
cmoua “ } o.960(74,4) ~ none aol 
i ote 
o288 aa ' 0.940 a 8) 0.285 (7,24) 
Ns B 0. earaai (6,27} 


0.080 (2,03) 
0.315 (8,00) 0.050 {1,27} 


0.270 (6,85) 
0.350 (8,89) 


0.310 (7.87) 


0.025 (0.64 


0,040 (4,02) | 0.350 (8,89) = 0.010 (0,25) 


0.020 (0,81) 0.337 (8.58) aecacts 0.025 (0,64) 


— O@OOOOO COMO gt oaoo.ioie __ *1)* 010,025 


0.371 {9,42} 


OOOOOOOO 


Falls Within JEDEC MO-004AA Dimensions: . Falls Within JEDEC MO-004AG Dimensions 





NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition. 
c. This dimension determines a zone within which all body and lead irregularities lie. 
d. !tndex point is provided on cap for terminal identification only 
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SELECTION GUIDE 





SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS 


Military Temperature Range (—55°C to 125°C) 


DESCRIPTION 


High Performance 
BIFET, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 


High Performance 


BIFET, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 


High Performance 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Noise 
BIFET, Low Noise 
BIFET, General Purpose 


DEVICE 


LM101A 
TLO6O0M 
TLO7OM 
TLO80M 
TL702M 
uA702M 
uA709SAM 
uA709M 
uA748M 


LM201A 
TLO6O!I 
TLO7OI 
TLO8Ol 


LM301A 
TLO6OC 
TLO60AC 
TLO7OC 
TLO7OAC 
TLO80AC 


J, JG,U,W 
JG 

JG 

JG 

J,U,W 

J, JG, U,W 
J,JG,U 

J, JG 

J, JG, U,W 


J, JG 
JG,P 
JG,P 
JG,P 
JG,P 
JG, P 





BIFET, General Purpose TLO8OC JG,P 
General Purpose TL702C J, JG,N 
General Purpose uA709C J, JG,N,P 
General Purpose uA748C J, JG,N,P 
High Performance uA777C J, JG,N,P 


=F -=§ OW WWW |] = 
an 
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Military Temperature Range (—55°C to 125°C) 


| MAX | 
10 


75 





Vio 
mV 
| MAX | 


2 
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AvD 
VimV 


| MIN | 
50 


SR 
Vi/us 


P| ea 
05| 3 


">a WWW Ws =| a-— 


Vcc 
Vv DESCRIPTION 


High Performance 


Low Noise 


Vy =4nV//Hz Typ 
Low Noise 


Vn = 4.5 AV//H2 Max 


BIFET, Low Power 
BIFET, Low Noise 

Vy = 18 nV//Hz Typ 
BIFET, General Purpose 
BIFET, Low Vion 


General Purpose, 
General Purpose 


High Performance 

High Performance 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 
BIFET, Low Offset 
BIFET, Low Offset 
General Purpose 
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SE5534 


SE5534A 
TLO61M 


TLO71M 
TLO81M 
TLO88M 
TL321M 
uA741M 


LM207 

LM218! 
TLO611 
TLO66I 
TLO71I 
TLO811 
TLO87I 
TLO88! 
TL3211 


J, JG, U,W 


JG 

JG 

JG;U 

JG 

J, JG, U,W 
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SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


Vio Avp SR 
era V/mV Vi/us DESCRIPTION 


wax [wax [wane | nn [re [ve [max [in WAX 


High Performance 
High Performance 


Low Noise 
Vy = 4nV//Hz Typ 
Low Noise 


Vp = 4.5 nV/\/Hz Max 

BIFET, Low Power 
_BIFET, Low Power 

BIFET, Low Power 
BIFET, Low Power 

with Power Control 
BIFET, Low Power 

with Power Control 
BIFET, Low Power 

with Power Control 
BIFET, Low Noise 

Vn = 18 nV/J/Hz Typ 
BIFET, Low Noise 

Vn = 18 nV//H2 Typ 
BIFET, Low Noise 

Vn =18 nVv//Hz Typ 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, Genera! Purpose 
BIFET, Low Vio 
BIFET, Low Vig 


General Purpose, 
General Purpose 





DEVICE 


LM307 
LM318 


NE5534 


NE5534A 
TLO61AC 
TLO61BC 
TLOG1C 


TLO66AC 


TLO66BC 


TLO66C 


TLO71AC 


TLO71BC 


TLO71IC 
TLO81AC 
TLO81BC 
TLO81C 
TLO87C 
TLO88C 


TL321C 
uA741C 





JG,P 


JG, P 


JG,P 


JG,P 


JG,P 


JG,P 
JG,P 
JG,P 
JG,P 
JG,P 
JG,P 
JG,P 
J, JG, N,P 
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DUAL OPERATIONAL AMPLIFIERS 


General Purpose LM158 
MC1558 
RM4558 
TLO22M 
TLO62M 


Military Temperature Range (—55°C to 125°C) 


fae eee 
V/imV oer 








General Purpose 










High Performance 





Low Power 
BIFET, Low Power 
BIFET, Low Noise 
V_ = 18 nV/J/H2 Typ 
BIFET, General Purpose 
BIFET, General Purpose 
General Purpose 
















TLO72M 
TLO82M 
TLO83M 
TL322M 
uA747M 

















General Purpose 


Automotive Temperature Range (—40°C to 85°C) 
foo [10 | 60 | 100] 1 | 03] 06 | #3 26 | GeneralPurpose | iM2004 | JGP,u | 83 _| 


Industrial Temperature Range (—25°C to 85°C) 


General Purpose, LM258 
General Purpose TL3221 
BIFET, Low Power TLO62I 
BIFET, Low Noise TLO72I 
BIFET, General Purpose TLO82I 
BIFET, General Purpose TLO83! 
BIFET, Low Offset TL287I 
BIFET, General Purpose TL288I1 


5 
8 
6 
6 
6 
6 
0. 
3 
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DUAL OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


Vio Avp SR 
aa V/imV Vius 


ian [ve Pr i | 


=~ = WWW W WwW WwW WwW 


a a Rr eT 


DESCRIPTION 


General! Purpose 
General Purpose 
Low Noise 

Vn=5 nV/./Hz Typ 
Low Noise 

Vn=5 nV/./Hz Typ 
Low Noise 

Vy = 4 nV/JHz Typ 
Low Noise 

Vp = 3.5 nV/J/Hz Typ 
High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Noise 

Va = 18nV//Hz Typ 
BIFET, Low Noise 

Vn=18 nV//Az Typ 
BIFET, Low Noise 

Vn = 18nV/JHz Typ 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, Low Offset 
BIFET, Genera} Purpose 
General Purpose 
General Purpose 
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DEVICE 


LM358 
MC1458 


NE5532 
NE5532A 
NE5533 


NE5533A 
RC4558 
TLO22C 
TLO62AC 
TLO62BC 
TLO62C 


TLO7Z2AC 
TLO72BC 


TLO72C 
TLO82AC 
TLO82BC 
TLO82C 
TLO83AC 
TLO83C 
TL287C 
TL288C 
TL322C 
uA747C 
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QUADRUPLE OPERATIONAL AMPLIFIERS 


Military Temperature Range (—55°C to 125°C) 


AvD SR 
VimV Vips DESCRIPTION 


un | TYP [TYP | MAX | MIN MAX 


DEVICE 


Genera! Purpose LM124 


High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Noise 
Vn = 18 nV/\/Hz Typ 


RM4136 
TLO44M 
TLO64M 


TLO74M 


TLO84M 
LM148 

LM1900 
MC3503 


BIFET, General Purpose 
Genera! Purpose 
Genera! Purpose 
General Purpose 


LM2300 
LM2902 
MC3303 


General Purpose 
General Purpose 





General Purpose 





Industrial Temperature Range (—25°C to 85°C) 


LM224 
LM248 
TLO64! 
TLO74I 
TLO841 


General Purpose, 
General Purpose 
BIFET, Low Power 


BIFET, Low Noise 
BIFET, General Purpose 
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QUADRUPLE OPERATIONAL AMPLIFIERS 


Commercial Temperature Range (0°C to 70°C) 


a AvD SR 
V/imV me ae DESCRIPTION 


ae ae ae 


General Purpose 
General Purpose 
General Purpose 
General Purpose 
High Performance 
Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Power 
BIFET, Low Noise 

Vn = 18 nV//Hz Typ 
BIFET, Low Noise 

V_= 18nV//Hz Typ 
BIFET, Low Noise 

V_ = 18 nV//Hz Typ 
BIFET, Low Noise 

Vn = 18 nV//Hz Typ 
BIFET, General Purpose 
BIFET, Genera! Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
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DEVICE 


LM324 
LM348 
LM3900 
MC3403 
RC4136 
TLO44C 
TLO64AC 
TLO64BC 
TLO64C 


TLO74AC 
TLO74BC 
TLO74C 
TLO75C 
TLO84AC 
TLO84BC 


TLO84C 
TLO85C 





GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 





Input Offset Voltage (Vio) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (ay}o) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


(Vio @ Ta(1)) — (Vio @ TaA(2)) 


where TA(1) and TA(2) are the specified temperature extremes. 
TA(1) — TA(2) 


avid = 


Input Offset Current (1jo) 
The difference between the currents into the two input terminals with the output at zero volts. 
Average Temperature Coefficient of Input Offset Current (aj}O) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 


specified temperature range. 4 


lo @T —(lo@T 
aio = (Ho @ Tata) = (Ho @ Taia)) where T A(1) and T (2) are the specified temperature extremes. 
TA(1) — TA(2) 


Input Bias Current (1)pB) 


The average of the currents into the two input terminals with the output at zero volts. 
Common-Mode Input Voltage (Vic) 
The average of the two input voltages. 
Common-Mode Input Voltage Range (VicR) 
The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 
Differential Input Voltage (Vip) 
The voltage at the noninverting input with respect to the inverting input. 
Maximum Peak Output Voltage Swing (Von) 


The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) 


The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 
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Large-Signal Voltage Amplification (Ay) 
The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 
Differential Voltage Amplification (Ayp) 
The ratio of the change in output voltage to the change in differential input voltage producing it. 
-Maximum-Output-Swing Bandwidth (Bory) 
The range of frequencies within which the maximum output voltage swing is above a specified value. 
Unity-Gain Bandwidth (B71) 
The range of frequencies within which the open-loop voltage amplification is greater than unity. 
Phase Margin (¢m) 


The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 


Gain Margin (A) 


The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is such 
that the output is in phase with the inverting input. 


Input Resistance (rj) 
The resistance between the input terminals with either input grounded. 
Differential Input Resistance (rjq) 


The small-signal resistance between the two ungrounded input terminals. 
Output Resistance (rg) 

The resistance between the output terminal and ground. 
Input Capacitance (Cj) 

The capacitance between the input terminals with either input grounded. 
Common-Mode Input Impedance (zj¢-) 

The parallel sum of the small-signal impedance between each input terminal and ground. 
Output Impedance (Zo) 


The small-signal impedance between the output terminal and ground. 
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Common-Mode Rejection Ratio (kcjjR, CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in 
input offset voltage. 


Supply Voltage Sensitivity (kgys, AVjO/AVcc) 
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage rejection ratio. 
Supply Voltage Rejection Ratio (ksvR, AVCC/AVi¢) 
The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage sensitivity. 
Equivalent Input Noise Voltage (Vp) 
The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals of 


the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 





Equivalent Input Noise Current (1,) 
The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input 


terminals of the device that represents the part of the internally generated noise that can properly be represented by a 
current source. 


Average Noise Figure (F) 
The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature, To, at all frequencies to (2) that part of (1) caused by 
the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 


Short-Circuit Output Current (Ios) 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to a 
specified point. 


Supply Current (Icc) 
The current into the Vcc or Vcc+ terminal of an integrated circuit. 
Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+° !cc++ Vec—° Icc-- 


Channel Separation (V91/Vo2) 


The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another 
channel. 
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Rise Time (t,) 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (teo¢) 


The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (te) containing the final output signal level. 


Overshoot Factor 


The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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LINEAR TYPES LM101A, LM201A, LM301A 
INTEGRATED | HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


CIRCUITS “BULLETIN NO, DL-S 11432, JANUARY 1971—REVISED OCTOBER 1979 





Low Input Currents e Designed to be Interchangeable with 


Low Input Offset Parameters National Semiconductor LM101A and LM301A 


@ Frequency and Transient Response . No Latch-Up 
Characteristics Adjustable @e Wide Common-Mode and 


® Short-Circuit Protection Differential Voltage Ranges 
¢ Offset-Voltage Null Capability e Same Pin Assignments as uA709 
description 


The LM101A, LM201A, and LM301A are high-performance operationa! amplifiers featuring very low input bias 
current and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 
The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are protected to withstand short-circuits at the output. The external 
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater 
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between 
the offset-null inputs (N1 and N2), as shown in Figure 7, to null out the offset voltage. 


The LM101A is characterized for operation over the full military temperature range of —55°C to 125°C, the LM201A 
is characterized for operation from —25 C to 85°C, and the LM301A is characterized for operation from O°C to 70°C. 


terminal assignments 


J OR N DUAL-IN-LINE . JG OR P _ 
OR W FLAT PACKAGE DUAL-IN-LINE U FLAT PACKAGE 
(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


OFFSET 
OUT- NULL OFFSET 
COMP Voce PUT (N2} NULL 


PuT 


NC OFFSET INV WNON- VYoec- — - oe vee 
NULL? INPUT INV OFFSET NON= Vee. Cc OFFS 


COMP INPUT NULL/ INPUT INV NULL/ INPUT INV 
iN} comp INPUT COMP INPUT 
{NI} {N1) 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


| emio1a | tmzoia | LM301a | UNIT 
Supply voltage Vcc+ (see Note 1) | 22 fl 
Supply voltage Vcc— (see Note 1) a ee ee a ee ee 
Differential input voltage (see Note 2) | +30 | #80 | 80] 
Input voltage (either input, see Notes 1 and 3) a ee se ee ee 
Voltage between either offset null terminal (N1/N2) and Vec— | -0.5to2 | -05to2]| -05to2] Vv | 
Duration of output short-circuit (see Note 4) | unlimited | unlimited | unlimited {| 
| Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) | 600 | 500 | 500 | mw 
[Operating fee-irtemperaturerange —SSSCSC*~<“t*‘“‘;*d CCD TV | ~~ VSG] ODO | “C 
[Storage temperawrerange—SSSCSSCSCSC~“S~“~S~SCS~*~*~S*S*S*dS CB to 150 | 85 to 150] G5 10 150 | C 

| Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds| J,JG,U,orW package | 300 | 300_—|| 300 | °C 

[Lead temperature 1/16 inch {1,8 min) from case for 1Oseconds|N or P package | ———+(| 260 | 260 ~+| *c | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc; and Voc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or -15 volts, whichever Is less. 

4. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM101A chips are 
alloy-mounted; LM201A and LM301A chips are glass-mounted. 













< 






< 








< 









< 










< 






















?) 








Copyright © 1979 by Texas Instruments Incorporated 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





59 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR 
J (Atloy-Mounted Chip) 500 mw 11.0 mw/C 
J (Glass-Mounted Chip) 500 mW 8.2 mW/C 
JG (Alloy-Mounted Chip) 500 mW 8.4 mW/C 


PACKAGE 


JG (Glass-Mounted Chip) 500 mW 6.6 mW/C 
500 mW 9.2 mwW/C 
500 mW 8.0 mW/°C 
500 mw 5.4mwWPC 
500 mw 8.0 mwW/C 





Also see Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, Cc = 30 pF (see note 6) 


PARAMETER TEST CONDITIONSt 
MIN TYP MAX MIN TYP MAX 
25°C 
VIO Input offset voltage Rs = 50k 
Full range 
Average temperature coefficient 
eVviOo : Full range 
of input offset voltage 
25°C 
ho Input offset current 
Full range 


Ta = —55°C to 25°C 0.02 0.2 


3 


z > = 
5 < < S > < = 
i@) 


Average temperature coefficient Ta = 25 C to MAX 
of input offset current TaA=0Cto25C 
Ta =25 Cto70C 


iB nput bias curren Ruane | 
Full range 300 
Common-mode 
input voltage range 


3 
> 


+15 
Vcc: = 215V, 24 28 | 24 28 | 
oer output voltage swing CC+ = +15V, 20 26 20 26 


V =+15V, 
Large-signa!l differential cc 
ice Bete Vo =210V, 
voltage amplification RL > 2ka Full range 


ksvR 


Oo 
oO 
u 


25 
Cc 
25°C 80 98 70 90 
CMRR Common-mode rejection ratio | Rs = 50k2 25°C | 
| Fullrange | 800 | 
pply voltage rejecti seeeora 80 98 70 96 
laVec/AVio) Fulrange| 80 ——SS~dLSSCSCS~S 
Supply current No signal, 


Tall characteristics are specified under open-loop operation. Ful! range for LM101A is —55°C to 125°C, for LM201A is 25°C to 85°C, and 
for LM301A is O°C to 70°C. 
NOTES: 6. Unless otherwise noted, Vcoc+ = +5 V to +20 V for LM101A and LM201A, and Voc+ = +5 V to +15 V for LM30TA. All typical 
values are at Voc+ = +15 V. 
7, For LM101A and LM201A, Voc: = +20 V. For LM301A, Voc+ = +15 V. 


Ww 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





o-—Input Offset Current—nA 


Ayvp-—Differential Volatage Amplification—V/mV 


INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 





oO 
-75 -50 -25 oO 25 §0 75 100 125 


Ta—Free-Air Temperature—C 


FIGURE 1 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
-. SUPPLY VOLTAGE 

AL =2k2 


EREes 
Ta = 25°C 
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ee I —Supply Voltage—V 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK — 


INPUT BIAS CURRENT OUTPUT VOLTAGE (WITH 
vs SINGLE-POLE COMPENSATION) 
FREE-AIR TEMPERATURE vs FREQUENCY 









N Ta = 25°C 


at 
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TYPICAL APPLICATION DATA 








Vo R2 
V\ R1 
R1-°30 pF 
RL> Cc 2 
oer R1+R2 
R1°R2 
R3 = 
R1+R2 


FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR | | 
INTEGRATED TYPES LM107, LM207, LM307 


CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 11426, DECEMBER 1970—REVISED OCTOBER 1979 


@ Low Input Currents @ Short-Circuit Protection 
~@ No Frequency Compensation Required @ No Latch-Up 
@ Low Input Offset Parameters @ Wide Common-Mode and 


Differential Voltage Ranges 


description 


The LM107, LM207, and LM307 are high-performance Operational amplifiers featuring very low input bias current and 
input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage- 
follower applications. The devices are short-circuit protected and the internal frequency compensation ensures stability 
without external components. 


The LM107 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM207 is 
characterized for operation from —25°C to 85°C, and the LM307 is characterized for operation from 0°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE | JG OR P . 
OR W FLAT PACKAGE DUAL-IN-LINE U FLAT PACKAGE 


(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


OFFSET 






out. 
NC NC NC Vcc. Put wc NC 


= N 
ac NC. wel. INV ONON-. Veco- NC NC INV NON- Voc anaes inPUr INV. Vec- 


INPUT = —INV INPUT INV 
(INPUT INPUT an wren 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 















Supply voltage Voc+ (see Note 1) 


| a ee 
Supply voltage Voc— (see Note 1) 22 | 22) | 18 | 
Differential input voltage (see Note 2) +30 
Input voltage (either input, see Notes 1 and 3) +15 














Duration of output short-circuit (see Note 4) unlimited | unlimited | unlimited _ 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) | 500 | 500 | 500 | 
Operating free-air temperature range /-55to 125 | —25to85 | Oto70 | r 
| Storage temperature range 85 to 150 | ~65 to 150| 6510 180 | °C 
| Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG,U,orWpackage| 300 | 300 
| Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | NorPpackage |_| S260 


NOTES: 








° 
io) 





. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4 and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the Input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM107 chips are 

alloy-mounted; LM207 and LM307 chips are glass-mounted. _ | 


hOAN = 
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DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
PACKAGE 


RATING FACTOR Ta 
J (Atloy-Mounted Chip) 500 mW 11.0 mw/C 105°C 
J (Glass-Mounted Chip) 500 mw 8.2 mW/C 89°C 
JG (Alloy-Mounted Chip) 500 mw 8.4 mwW/C 90°C 


JG (Glass-Mounted Chip) 500 mW 6.6 mW/C 74°C 
500 mW 9.2 mW/C 96°C 
500 mw 8.0 mwW/C 87°C 
500 mW 5.4 mw/C 57°C 
500 mw 8.0 mW/C 87°C 





Also see Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature (see note 6) 


LM107, LM207 — 
PARAMETER TEST CONDITIONSt 
MIN TY 
Vv Input offset volt Rs = 50 kQ aes : 
ut orTset voltage = 
10 ‘ e . : Fulf range 


Average temperature coefficient 







LM307 — 


ba © | 
= 
> 
x 


=| 
< 
~~ 
= 
> 
* 














=) 
ron) 
wiry 
= 
2 
nN 
_ 
on 


30 


©) 


; Full range 
VIO of input offset voltage : 


25°C 
ho Input offset current 
Full range 


00 


| 
lig Input bias current Full range _| 
VICR coer See Note 7 Full range +15 

. input voltage range - 


Voc: = #15 V, 2 
Ri = 10 k2 Full range 2 


RL =2k2 Full range 
Vo =2+10V, 


CMRR Common-mode rejection ratio | Rg = 50 k2 
Full range 


Supply voltage rejection ratio 
x 


if) 
es 
On 











Average temperature coefficient 


a110 : 
of input offset current 





NS 
Oln 
NTO 


Ww 
© 
~ 
or 


o 
=) 






& 


fee) 
A+ 
nN _ 
NO 
WwW 


i 
wn ol 
NO 
oOo 
NO io) 
= 5 





Maximum peak-to-peak 





Vopp 


NO 
ion] 
N 
oO 





output voltage swing 























Large-signal differential 
Avo ae bet cam VimvV 
voltage amplification ; 


nN 
o 


9 


f 
Se 
Ol1o 
i<e) 
© 


4 
4 

25 

80 

80 


i 
ap 
© 
oO 


2 
k Rg = 50k 
mi (AVcc/AVI0) : | eeu _80 


No signal, 


See Note 7 
TAIl characteristics are specified under open-loop operation. Full range for LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for 
LM307 is O°C to 70°C. . | 
NOTES: 6. Unless otherwise noted Voc. = +5 V to +20 V for LM107 and LM207, and Vcc: = #5 V to £15 V for LM307. All typical values 
are at Voc+ = +15 V, 
7. For LM107 and LM207, Vec+ = $20 V. For LM307, Vec+ = +15 Vv. 
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icc Supply current 


nm | © 
~ 
m1 W 








TEXAS INSTRUMENTS 63 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT 
vs 


FREE-AIR TEMPERATURE 


100 


Vec: = 215 V 
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FIGURE 1 


MAX!MUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
VS 
FREQUENCY 


Vec: = 215 V 
RL = 10kk 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
Input and Output Voitages—V 





7 10 
f~—Frequency—kHz 


FIGURE 3 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 
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FIGURE 5 
Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only. 
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only. 
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VOLTAGE-FOLLOWER 


Vee: = #18 V 
RL=2k2 
Cy = 100 pF 
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FIGURE 4 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 


FREQUENCY 





1 10 100 1k 10k 100k 1M 10M 100M 


f—Frequency—Hz 


FIGURE 6 
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e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ... 3 V to 30 V Input Offset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current ...3nA Typ (LM124) 
© Low Supply Current Drain Input Bias Current...45 nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 
...0.8mA Typ Equal to Maximum-Rated 
© Common-Mode Input Voltage Supply Voltage... +32 V 
Range Includes Ground Allowing e Open-Loop Differential Voltage 
Direct Sensing near Ground | Amplification ... 100 V/mV Typ 
schematic (each amplifier) e Internal Frequency Compensation 











ee JOR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 
DOUTPUT ‘ INVERT- NONIN- *‘ NONIN- INVERT- 
ING VERTING VERTING ING 
OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 


=6 = 100A 
CURR CURRENT 
REGUL. REGULATOR 


ENT 
ATOR 


INVERTING 
INPUT 






NON- 
INVERTING O 
INPUT 


w60-p A 
CURRENT 
REGULATOR 


TO OTHER 
AMPLIFIERS 


description 


These devices consist of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference OUTPUT INVERT- NONIN- Vcc NONIN- INVERT- OUTPUT 
between the two supplies is 3 volts to 30 volts and INPUT INPUT. ‘INPUT INPUT 

Pin 4 is at least 1.5 volts more positive than the input 

common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 





Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be 
Operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional + 15-volt supplies. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage,-Vec-(see: Note 4). ci ee we Sate ia eed: s asin Mae whee ee Been Be ae 32 V 
Differential input voltage (see Note 2)... kk te ee eee eee ee ee ee ee ee eee ees +32 V 
[Input Voltage range {ether input): 4 eetbs dasa oes awe RAMA ie order Si ee A ah oe ee eee —0.3 V to 32 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 
free-air temperature (VCC < 15 V) (see Note 3) 1. ee ee ete ees _ unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note4)  ... 2. eee eee eee 900 mW 
Operating free-air temperature range: LM124 2... 1... ee te ee ee ee eens —55°C to 125°C 
M294 og GAs ede ap Saeed dann ane, oe —25°C to 85°C 
EMBD4. “bok ah cele eh danas igen ht anne a ae 0°C to 70°C 
Storage temperature range 6... ee ee ce ee eee eee eee e ee ee eee en nens —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JorW package ........ 2.00 ce ee ees 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ........0 000 e eee neers 260°C 


NOTES: All voltage values, except differential voltages, are with respect to the network ground terminal. 


1. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM124 chips are alloy-- 
mounted; LM224 and LM324 chips are glass-mounted. 
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TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


TEST CONDITIONSt it a 
Voc =5 V to 30 V 
lB 


Vo = 1.4V, 25°C 
Input bias current oO | 28°C 
SeeNoreS | Fullange 


Common-mode input 
V Vcc =30V 
7 ii 


Veoc = 30 V 
High-level output voltage S 


‘ 


Ry >= 10 ko 


Low-level output voltage Ri_<10k2 Full range 

Large-signal differential 
Vo =1Vtoi1V, 

voltage amplification RL > 2k2 Full range 


CMRR Common-mode rejection ratio | Rg < 10 k2 
ksyvR* Supply voltage rejection ratio Rg < 10 k2 
ie 


2 
7 


Voi /Vo2 Channel separation f=TkHeto Weel 28 | ~COSC~SCi‘“‘C;C‘N'CO™WC#*#*dé;C«® 
Output current | asc | 10 


Supply current 
(four amplifiers) 


*ksvr = AVcc/AVI9 


tAll characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM124, ~25°C to 85°C for LM224, and o°C to 

70°C for LM324. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input tines. ; 








THERMAL INFORMATION 







DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 900 mW ss 11.0 mW/C 68°C 
0 OUTPUT B J (Glass-Mounted Chip) 900mW = 8.2 mW/°C 40°C 
) N 900mW =s- 9.2 MW/°C 52°C 
Ww 900mW  8.0mWSC 37°C 


© OUTPUT A 
PACKAGE 


AUDIO 
INPUT 





Also see Dissipation Derating Curves, Section 2. 


O OUTPUT C 


100 uF 


AUDIO DISTRIBUTION AMPLIFIER 
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e uA741 Operating Characteristics 
@ Low Supply Current Drain. ..0.6 mA Typ LM148...J 
LM248, LM348...J ORN 
e Low Input Offset Voltage DUAL-IN-LINE PACKAGE (TOP VIEW) 
e Low Input Offset Current 
e Class AB Output Stage AMPLIFIER NO. 4 AMPLIFIER NO. 3 
e Input/Output Overload Protection INYNG  VERTING VERTING ING 
OUTPUT INPUT INPUT VYoec— INPUT INPUT OUTPUT 
description 


The LM148, LM248, and LM348 are quadruple, 
independent, high-gain, internally compensated oper- 
ational amplifiers designed to have operating 
characteristics similar to the uA741. These amplifiers 
exhibit low supply current drain, and input bias and 
offset currents that are much less than for the uA741. 


The LM148 is characterized for operation over the 


eae oO Oo ; . - a 
full military temperature range of —55 C to 125 C, OUTPOTINING VERTING “°°' VERTING ING 
the LM248 is characterized for operation from —25 C INPUT INET ANEGT INPUT 


to 85°C, and the LM348 is characterized for operation AMPLIFIER NO. 1 AMPLIFIER NO. 2 
from 0°C to 70 °C. 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ee te umzag | _uw3as_—|u 


[Supply voltage Vecs (seeNote1) ——C—‘LCSC(‘i Ot 
Supply voltaue Voc eeNotet)——SOSCS~—SC“—SCS~—~—‘—CS*—C—~—CSC‘C~‘CSCSC~‘dCSC id iY Ct 









2 

—22 

[Differential input voltage (seeNote 2) 

[Duration of output short-circuit (see Note4) unlimited | untimited_| unlimited _| 
00 







<|<|<|<|2 
= 





‘Continuous total power dissipation at (or below) 1375 1025 1025 ‘ag 
m 

25°C free-air temperature (see Note 5) | Npackage CT 50 | 50 

Operating free-air temperature range -—55 to 125 —25 to 85 : 


Storage temperature range | —65 to 150 | —65 to 150 


| =65 to 150_| c 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package | 300 | 300 +=+| 300 ~*| °C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | Npackage | = | 260 +2x-| 260 | °c | 


Ali voltage values, except differential voltages, are with respect to the midpoint between Voc; and Vcc_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

The output may be shorted to ground or either power supply, Temperature and/or supply voltages must be limited to ensure that 








oO 


NOTES: 


ae 


the dissipation rating is not exceeded. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. Jn the J package, LM148 chips are alloy- 


mounted; LM248 and LM348 chips are glass-mounted, 
DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 


PACKAGE 
RATING FACTOR TA 


J (Atloy-Mounted Chip) 1375mW = 11.mW/C 25°C 
J (Glass-Mounted Chip) 1025 mW 8.2 mW/C 25°C 
N 1150 mw 9.2mW/C 25°C 





Also see Dissipation Derating Curves, Section 2, 
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TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 





electrical characteristics, VCC+ = +15 V 


LM148 LM248 LM348 
PARAMETER TEST CONDITIONST 
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX 
V Input offset voltage Rs < 


10 

aor ; Ta = 25°C er ee, ee 
nput oftset curren 

; Ta=28C 

IB T 









UNIT 


° 
x 
+ 
> 
N) 
ot 
° 
© 


Common-mode 
+12 +12 






VICR TA = full range + 


input voltage range 


A 
A 75 
: Ta =25C 30 =6100 30 200 3 
Input bias current 
Tasfullrange TH 800 
R 
R 


NO 







= 12 
L=10k2, Ta=25°C | 24 26 | 24 26020=—0| 
Maximum peak-to-peak L 2 10 k2, Ta = full range 
= = 25° 4 2 


VoppP 


NO 


Output voltage swing 


ALa2kR, __Ta=25°C 2024 
ALS DK, Ta= full range 


N 








mV 
nA 
nA 
V 
V 
M2 
MHz 
mA 


Large-signal differential RE 22kQ, | Ta =25°C 25 160 25 16 
Avp tes VimV 
voltage amplification [Vo=+10V | Ta=fullrange( 25 ‘| 18 —=«dt SSCS 
Ti ___Inputresistance___—‘( Ta=28°C Pos 28 [os 25 [08 25 [wa 
By Unitygain bandwidth [Ayp=1, Tasos | 1~~*4| 1 Sid St *d 
mPhase margin Avp=1._Ta=aec_ | om | om —idTsCi | 
Common-mod Ta = 25°C 70 ~=90 70 90 
MRR OC Rs<10k2 LA 
Supply voltage rejection Ta = 25°C 77 «96 77 (96 
ksvr Lec Rg < 10k A 
[os Shortcircuit output current Ta = 25°C 
Suppl t No load, No signal, 
lec ienlaasiae oO ee Oo signa 24 36 24 45 24 
(four amplifiers) Ta 25 C 


7.5 

0 200 
6 
4 
0 
0 
6 
5 

‘ 4.5 
20 


; f = 1 Hz to 20 kHz, 
Vo1/Vo2 Channel separation : 120 
Ta = 25°C 


TAIN characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ta is —55°C to 125°C for LM148, —25°C 
to 85°C for LM248; and 0°C to 70°C for LM348, 


= 
NO 
oO 
: 





operating characteristics, Vcc+ = + 15 V, TA = 25°C 


PARAMETER TEST CONDITIONS 
SR Slew rate at unity gain RL =2kQ, CL = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 







MIN TYP MAX | UNIT 











10 kQ 





Avpb = 100 


FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—INVERTING AMPLIFIER 
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TYPICAL CHARACTERISTICS" 


INPUT BIAS CURRENT COMMON-MODE INPUT VOLTAGE LIMITS MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 


RL = 10k2 


Vect = £15 V 
TaA=25°C 


Ijg—tnput Bias Current—nA 
Common-Mode Input Voltage Limits—V 





Vopp—Maximum Peak-to-Peak Output Voltage—V 





0 
-75 -50 -25 0 25 S0 75 100 125 


Ta—Free-Air Temperature~C Neoct L-Supply Voltage~V Nec++Supply Voltage—V 
FIGURE 3 FIGURE 4 FIGURE 5 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE SWING MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE SWING 
vs vs vs 
FREQUENCY OUTPUT CURRENT OUTPUT CURRENT 


= 
an 









SN ci 
a 
CUA CCTM HU 
CUNT ALI A 
CUE IM UT 


10 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
an 





Vom+—Maximum Positive Peak Output Voltage Swing—V 


r=) 
ae 
A 
| 
VoOM——Maximum Negative Peak Output Voltage Swing—V 


0 0 
1k 10k 100 k 1M 10M Qo -5 ~10 -15 -20 -25 -30 -35 i) 5 10 15 20 25 30 35 
f—Frequency—Hz [9—Output Current—mA lo—Output Current—mA 
FIGURE 6G FIGURE 7 FIGURE 8 
LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT UNITY-GAIN BANDWIDTH COMMON-MODE REJECTION RATIO 
vs vs vs 
FREQUENCY FREE-AIR TEMPERATURE FREQUENCY 


—_ 
Oo 
o 








Vect = £15 V 
RL =10kQ 


CUE TTT UT cos = 215 Vil 


Vect = 215 V 





: oe 
F : 2 TT Tas I 
3 i eameg EL ST 
: | Ch 
& = e rea 
s a 8 8 50 
3 z é 2 TT A 
E 2 E20 pa ti 
a ra Soo HUM CM MIT Mt Ut 
: 2 °C CEN 
‘ SLLLUM LUT CUI LUI | Tt 
10 100 1k 10k 100k 1M 10M -—75 -50 -25 OO 25 S0 75 100 125 10 100 1k 10k 100 k 1M 
f—Frequency—Hz Ta~—Free-Air Temperature—C f~Frequency—Hz 
FIGURE 9 FIGURE 10 FIGURE 11 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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TYPICAL CHARACTERISTICS* 


SUPPLY CURRENT SLEW RATE. EQUIVALENT INPUT NOISE VOLTAGE 
vs vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREQUENCY 







ATE TTI ETT tl 
80 F-7 4 
CUPS CT UT 


60 


Icc+—Supply Current—mA 
SR-Siew Rate—V/ps 





Vn-—Equivalent Input Noise Voltage—nV\/Hz 





CE ATT 
0 0 
4 6 8 10 12 14 16 -75 -50 -25 0 25 50 $75 100 125 10 100 1k 10 k 

Necs-Supply Voltage—V Ta—Free-Air Temperature—°C f—Frequency—Hz 

FIGURE 12 FIGURE 13 FIGURE 14 

OUTPUT VOLTAGE 
VOLTAGE-FOLLOWER INVERTER vs 
LARGE-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME 


Vect = £15 V RL=2kQ 
Ta = 25°C CL = 100 pF 


Input and Output Voltages—V 
Input and Output Voltages—V 
Vo—Output Voltage—mV 





Q 20 40 60 80 100 120 0 20 40 60 80 100 120 0 05 17 1 5 2 2.5 
t-—Time—ps t—Time—ps t—Time—s 
FIGURE 15 FIGURE 16 FIGURE 17 


schematic (each amplifier) 
OUTPUT IMPEDANCE 





FREQUENCY Vecy 
1k p= api ay Saiiitieemee fSSeeitn: 
TA CoC INVERTING, 
100 be A Pe hie 


INPUT 


—— 
—— 
——I 
aad 
= 
Ll 
—— 
—— 


rrr 
Ss 74 Ol 


PAST Lar 


q4il 


Z9—Output Impedance-2 
= 





an ae soto 
él 





Saari rcSatii oes eesati oa 
PAC A 

oC LET CTU TTT | 

"100 1k 10k 100 k 1M 


f—Frequency—Hz 


FIGURE 18 


Components values shown are nominal 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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LINEAR | TYPES LM158, LM258, LM358 
INTEGRATED DUAL OPERATIONAL AMPLIFIERS 






CIRCUITS BULLETIN NO. DL-S 12413, JUNE 1976 — REVISED OCTOBER 1979 
e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ...3 V to 30 V Input Oftset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current...3 nA Typ (LM158) 


e Low Supply Current Drain Input Bias Current...45 nA Typ 


Independent of Supply Voltage e Differential Input Voltage Range 
...0.5 mA Typ Equal to Maximum-Rated 


e Common-Mode Input Voltage Supply Voltage... +32 V 


Range Includes Ground Allowing e Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ... 100 V/mV Typ 
e Internal Frequency Compensation 
schematic (each amplifier) JG OR P U 
DUAL-IN-LINE FLAT PACKAGE 








overs - PACKAGE (TOP VIEW) (TOP VIEW) 


mwopA 
CURRENT 
REGULATOR 


AMPLIFIER NO. 2 AMPLIFIER NO, 2 


NON- 
OUT- INV INV 
Vec+ PUT INPUT INPUT 





INVERTING 
InpuT * 


~=6-uA 100A 
CURRENT CURRENT 
REGULATOR REGULATOR 


= 50a 
CURRENT 
REGULATOR 


NON- 
INVERTING O 
INPUT 






“(OR Vcc) 
TO OTHER NC OUT INV NON 


AMPLIFIERS PUT INPUT INV 
OUT- INV NON- GNO INPUT 

PUT INPUT INV 

INPUT 


AMPLIFIER NO. 1 


description ibaduibers NC—No internal connection 





These devices consist of two independent, high-gain, frequency-compensated operational amplifiers that were designed 
specifically to operate from a single supply over a wide range of voltages. Operation from split supplies is also possible 
so long as the difference between the two supplies is 3 volts to 30 volts and Pin 4 is at least 1.5 volts more positive than 
the input common-mode voltage. The low supply current drain is independent of the magnitude of the supply voltage. 


Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VEE (seeINOte Ty dacai-siwrire eee dale ays wae we Ed A ee toe SA ee Re ea Ga 32 V 
Differential input voltage (see Note 2) ow ee eee ee ee ne ee eee eee eens +32 V 
Input voltage range (either input) oo... . ce ee ee ee eee eee eee —0.3 V to 32 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (VCC S15 V) (seeNote 3) 2... ee ee ee ens unlimited 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM258JG, LM358JG .. 825 mW 
LM158JG, LM258P, LM358P .. 900 mW 
LM158U, LM258U, LM358U .. 675 mW 


Operating free-air temperature range: LM158 ........ . ct ee ee ee ee eee —55°C to 125°C 

EMZ58. tre deetek ste ea.o) ewes ti ee een ea —25°C to 85°C 

EMO56> Sito h4et he ewe pened Caan Siig 0°C to 70°C 

Storage temperatire range: 2: dc c's od 3 G4 eee he kd bk BRO we PH ESS See —65°C to 150°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or Upackage ...........00e ees 300°C 

lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage .........0 00 cee eee auee 260°C 
NOTES: All voltage values, except differential voltages, are with respect to the network ground terminal. 


Az 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM158 chips are alloy- 
mounted; LM258 and LM358 chips are glass-mounted. 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


LM158, LM258 
PARAMETER TEST CONDITIONST 


M TYP MA MIN TYP MAX 
VIO Input offset voltage 
Vec=5Vto30V |Fullrange | 7 






N 
~ 
2/8 
< 


LM358 
UNIT 










N 
Average temperature coefficient ‘ 
avio : J Full range 7 uV/iC 
of input offset voltage 
se dinamo MONTES [Furrange [107 
Average temperature coefficient Eull : 
a ull ran 
0 of input offset current 7 
i | Vo=14V, | asc | = 45 ~150 | 45 _—250 
iB Input bias current 
25°C vies 
Vec—1.5 Vcec-—1.5 
Vcc = 30 V = 
—2 







3 


+ 
oO 














Common-mode input 


V 
ICR voltage range 


0 
Full range 
Vcc Vcc—2 
Vec = 30 V, 
ce Full range 2 
RL =2k2 
| 
7 


Oo 
- 
o) 


26 
High-level output voitage 
27 


NO 
© 


Vcc = 30 V 
ce Full range 
Rp_ = 10k2 
VOL Low-level output voltage R_ <10kQ Full range 


[ 
t 
6 
7 
Vv Maximum peak-to peak B wid 55°C J ee 
Orr output voltage swing L CC 
AvD Vo'=1 Vto11 V, : 
0 


Vec—1.5 


—_ 


0 


OQ 


Large-signal differential 













voltage amplification 


ol 
© 


ioe) 
on 


7 


fe) 
CMRR Common-mode rejection ratio | Rg < 10k 
. . ° 


Koyp” Supply voltage rejection ratio Rs < 10k | 25°c | 65 100 ~~ ‘| 
Vot/Vo2 _ Channel separation f= 1 kHz to 20 kHz 


C 
: 
: 
os 
Cr ac 

Vint oly 

ID 25°C. 12 50 12 
Vo = 200 mv 


NQ 
< 1°) 
= > 
3 < |2 < < >|s | > 


— 
NS 
>] 









0 


| 
L 
om) 


x 

2 5 

7 
. 

3 30 
28 

5 20 
100 
85 
40 
—20 


0 
0 


NO 
© 


Output current 2 





° 
i 
oo) 
| 
> 


on 
ro) 
> 


Supply current No load, 
(two amplifiers) Full range 


! 
ce No signal 


oO 
3 ‘= 
> 





*ksvp =AVcc/AVIo 


TAI characteristics are specified under open-loop conditions, Full range is —55°C to 125°C for LM158, 25°C to 85°C for LM258, and O°C to 
° 
70 C for LM358. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines, 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
JG (Alloy-Mounted Chip) 900 mW 8.4mWLC 


PACKAGE 


JG (Glass-Mounted Chip) 825 mW 6.6 mwW/C 
P 900 mw 8.0 mW/C 
U 675 mW 5.4 mW/C 
Also see Dissipation Derating Curves, Section 2. 
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TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 12410, JUNE 1976 — REVISED OCTOBER 1979 







Small-Signal Bandwidth ... 15 MHz Typ e Internal Frequency Compensation 
e Slew Rate...50 V/us Min e Input and Output Overload Protection 
e Bias Current. ..250 nA Max (LM218) e Same Pin Assignments as General Purpose 
e Supply Voltage Range...+5 V to +20 V Operational Amplitiers 
description: 


The LM218 and LM318 are precision, high-speed operational amplifiers designed for applications requiring wide band- 


width and high slew rate. They feature a factor-of-ten increase in speed over general purpose devices without sacrificing 
dc performance. 


These operational amplifiers have internal unity-gain frequency compensation. This considerably simplifies their 
application since no external components are necessary for operation. However, unlike most internally compensated 
amplifiers, external frequency compensation may be added for optimum performance. For inverting applications, 
feed-forward compensation will boost the slew rate to over 150 V/us and almost double the bandwidth. 


Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not needed. 
Further, a single capacitor may be added to reduce the settling time for €< 0.1% to under 1 us. 


The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 


The LM218 is characterized for operation from —25°C to 85°C, and the LM318 is characterized for operation from 
0°C to 70°C. 


terminal assignments: 


JG OR P 
DUAL-IN-LINE PACKAGE 


N DUAL-IN-LINE 
(TOP VIEW) 


PACKAGE (TOP VIEW) 


compe OUT- BAL/ Comp OUT- BAL/ 
2 Vec+ PUT COMP3 NC NC 2  Vec+ PUT COMP3 NC 


BAL/ INV NON- Vcc_ NC NC BAL/ INV NON- Vec_ nc 
COMP 1INPUT INV COMP1 INPUT INV 
INPUT INPUT 





NC—No internal connection 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
PACKAGE 


RATING FACTOR 


Ta 
JG (Glass-Mounted Chip) 500 mw 


6.6 mW/°C 74°C 
N 500 mW 9.2mwW/c 96°C 
P 500 mw 8.0 mW/C 87°C 





Also see Dissipation Derating Curves, Section 2, 


Copyright © 1979 by Texas Instruments Incorporated 

TEXAS INSTRUMENTS 3 
INCORPORATED 

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





TYPES LM218, LM318 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 








Supply voltage, Vcc+ (see Note 1) | 2~—Cti«d ‘asa at] lv 
Supply voltage, Vcc_ (see Note 1) | -200—— sf 20 | 
Input voltage (either input, see Notes 1 and 2) | tts ft fl 
Differential input current (see Note 3) 
Duration of output short-circuit (see Note 4) | unlimited | unlimited [| | 
Continuous total power dissipation at (or below) | 00 fo] mw 
25°C free-air temperature (see Note 5) - 

Operating free-air temperature range 
Storage temperature range | -65to150 | -—65to150 | °c | 
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds [Jor JGpackage | 300 | 300 | °c | 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds [NorPpackage | 260 | 20 | °c | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcoc+ and Vcc_. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 





flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is 
used, 

4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short-circuit 
applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM218 and LM318 
chips are glass-mounted. 


electrical characteristics at specified free-air temperature (see note 6) 


LM LM318 


Ss 
Fullrange | 

26°C 30_200 
lig Input bias current 


Fullrange | _—-s00. | —S~SD 


Vv a V 15V |Fullrange | +11.5 +11.5 Vv 
= + ull ran +11, +11, 
ICR input voltage range CC: 
Maximum peak-to-peak Vec: = +15 V, 
VopP Se rene KP - CC Full range 24 26 24 26 Vv 
Output voltage swing RL =2k2 
V =+15V, ji 
cS 50 200 25 200 
Vo = +10 V, Vv/mV 
Full range 


: 

Bi Unity-gain bandwidth Vecr=215v joe | 18 —*+| SO SC~*d 

CMRR Common-mode rejection ratio Full range 80 100 70 100 | dB | 
70~=— 80 


Supply voltage rejection ratio | 
KSVR (AVcc/AVio) Fult range 65 80 
0 loa 
; 


TAI! characteristics are specified under open-loop operation, Full range for LM218 is —25° to 85°C and for LM318 is O°C to 70°C. 

NOTE 6: Unless otherwise noted, Vecs+ = $5 V to +20 V. All typical values are at Vec+ = $15 V. Throughout this data sheet, supply vo!tages 
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied 
to Vec+, and an equal negative voltage is applied to Vcc_. 









TEST CONDITIONSt 



















25°C 

























Large-signal differential 


A 
ve voltage amplification 
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operating characteristics, Vcc+ = 15 V, VcC— = —15 V, Ta = 25°C 











PARAMETER TEST CONDITIONS MIN TYP MAX |] UNIT | 





parameter measurement information 
2kQ 


10V 
INPUT 
2kQ2 
INPUT --OV 
OUTPUT 
---10V 
100 pF OUTPUT } 
1kQ ee, 
| z - an (eee " : 
| 


TEST CIRCUIT 







VOLTAGE WAVEFORMS 
FIGURE 1—SLEW RATE 





schematic 


BALANCE 
COMPENSATION-3 


BALANCE 
COMPENSATION-1 COMPENSATION-2 
O ) 


252 
ae _ 
INVERTING | an 3a 
INPUT 
28 pF r 
17 = 
ee AI 


: 12kQ2 
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Component values shown are nominal. 
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LINEAR TYPES LM1900, LM2900, LM3900 
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS 


CIR CU ITS BULLETIN NO, DL-S 12682, JULY 1979—REVISED DECEMBER 1979 





J OR N DUAL-IN-LINE PACKAGE 
e Wide Range of Supply Voltages, Single or (TOP VIEW) 


Dual Supplies 
Wide Bandwidth INV. INV. INV. OUT- OUT. INV 


Voc INPUT INPUT INPUT PUT PUT INPUT 


NON- NON- 


Large Output Voltage Swing 
Output Short-Circuit Protection 
Internal Frequency Compensation 
Low Input Bias Current 


Designed to be Interchangeable with 
National Semiconductor LM1900, LM2900, 
and LM3900, Respectively 


NON 


description INV INV 


INPUT INPUT 





These devices consist of four independent, high-gain, 
frequency-compensated Norton operational amplifiers 
that were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from ep ailes 
split supplies is also possible. The low supply current Sennen 
drain is essentially independent of the magnitude of 

the supply voltage. These devices provide wide 
bandwidth and large output voltage swing. 


schematic (each amplifier) 







The LM1900 is characterized for operation over the O OUTPUT 
full military temperature range of —55°C to 125°C, INVERTING 
the LM2900 is characterized for operation from 
—40°C to 85°C, and the LM3900 is characterized for 
operation from 0°C to 70°C. 


INVERTING 
O 
INPUT J 1.3mA 


operating characteristics 


Norton (or current-differencing) amplifiers can be used in most standard general purpose op-amp applications. 
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit operational 
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents 
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to 
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels near 
(or even below) ground. 


Internal transistors (see Note 5) clamp negative input voltages at approximately —0.3 volt but the magnitude of current 
flow has to be limited by the external input network. For operation at high temperature, this limit should be approxi- 
mately —100 microamperes. 


Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical 
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when 
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead to 
limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on the 
noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating 
temperatures. 
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TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM1900 LM2900 LM3900 UNIT 
a 
mW 


32 
Duration of output short circuit (one amplifier) to ground 
ie biiperhte-o) Unlimited Unlimited Unlimited 
at (or below) 25°C free-air temperature (see Note 2) 
60 









Continuous total dissipation at (or below) 25°C | JPackage | 1375 | 1025 | 1025 | 

Operating free-air temperature range 

Storage temperature range | -65to 150 | -65t0150 | -65t0150 | °C | 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds fe = 900. -| 300. ] 8G 
A 


00 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package a ee ee ee 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
3, For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the J package, LM1900 chips are alloy- 
mounted; LM2900 and LM3900 chips are glass-mounted. 




















electrical characteristics, Vcc = 15 V, Ta = 25°C (unless otherwise noted) 


{inverting input) 
| 
| 


B ee ee | 
> n 
lj4 = 20 HA to 200 nA, ae o 
+ 
D 





LM3900 












3s 
2 
a 
< 
v 
= 
> 
x 
iB 





Ta = full range, See Note 4 
Change in mirror gain A 


See Note 4 
Large-signa! differential Vo =10V, Ry = 10 kQ, 
A ee o L 2 3 12 28 
voltage amplification f = 100 Hz 


—_ 
ra) 
on 
° 
o 
.s3 

> 


w 


| 
| 
| 
V 
i 


Input resistance 
(inverting input) 






x| = 
BE 


r 
ro Output resistance 


B Unity-gain bandwidth ae 
1 (inverting input) e z 
13.5 14.2 


NO 
o1 
Ss 
x 
N 


Supply voltage rejection 


k 
SVR /AVi0) 


~J 

. 
~~! 
Oo 


ratio (AV 





Vou High-level output volt Vec = 30 V, 
No load 


y+ = 0, |, = 10 vA, 
VoL Low-level output voltage ai ‘ 0.09 0.2 0.09 ‘ 0.09 
RE =2k2 
foes Sterecircals output current 1j4=0, 1; =0, 10 15 6 418 
(output internally high) Vo=0 


Pull-down current po ts 8 
lo_ Low-level output current? Wy = 5A, VoL=1V Za ee 
lcc Supply current (four amplifiers) 6.2 12 


TAIl characteristics are specified under open-loop conditions. Full range for Ta is —55°C to 125°C for LM1900, —40°C to 85°C for LM2900, 
and 0°C to 70°C for LM3900. 

The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 

NOTE 4: These parameters are measured with the output balanced midway between Vcc and ground. 
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TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 





recommended operating conditions 













iam ea ee 


NOTE 5: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately —0.3 volt. The 
negative input currents that may result from large signa! overdrive with capacitive input coupling must be limited externally to vajues 
of approximately —1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low voltage. These 
values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum 
currents are reduced. Common-mode current biasing can be used to prevent negative input voltages. 






operating characteristics, Vcc+ = +15 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
SR Slew rate at unity gain : : 0 = V/us 





TYPICAL CHARACTERISTICSt 





INPUT BIAS CURRENT (INVERTING INPUT) MIRROR GAIN SUPPLY VOLTAGE REJECTION RATIO 


vs vs 


vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREQUENCY 


vewtev| | [| | | | 


14=10yA 










See ian tte 
gE 
UT ret 
CUTIE LATE TTI UT 
SUIT IE UTA 
CIM TUTE CAE TIN 
CIM UM CATE 
oH LETT EET TUT 
o ELIT TAHT LUI VT 


Voc=15V 
Vo=7.5V 
Beis: 
AN LM2900, LM3900 fae 4 
IN 





70 
60 
50 
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CONSETT 
eS 
CCT RRS 
CCPC 









ty—/lj+—Mirror Gain 


tip—Input Bias Current—nA 





ksvR—Supply Voltage Rejection Ratio—dB 








—75 -50 —25 0 25 50 75 100 125 -—75 -50 —25 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k 400k 1M 

Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C f—Frequency—Hz 

FIGURE 1 FIGURE 2 FIGURE 3 
LM2900, M3900 

LARGE-SIGNAL LARGE-SIGNAL LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs vs 
FREQUENCY SUPPLY VOLTAGE FREE-AiIR TEMPERATURE 
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Vcc= 15V 
Vo=10V 
Ri =10k2 


Avp—Differential Voltage Amplification 


Ayp—Differential Voltage Amplification 
Avyp-—Differential Voltage Amplification 





— 





_ 


—75 —50 —25 0 25 5O 75 100 125 
f~Frequency—Hz Vec—Supply Voltage—V Ta—Free-Air Temperature—"C 


FIGURE 4 FIGURE 5 FIGURE 6 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 





PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


CLUE I LT 
STM UT 
CUT UT 









Voc? 18V 
Ry & 2k 











Vopp—Peak-to-Peak Output Voltage—V 


4 

: penn | 
LURE LUT LTT 
1k 10k 100 k 1M 10M 


f--Frequency—Hz 


FIGURE 7 


PULL-DOWN CURRENT 
vs 
SUPPLY VOLTAGE 


















me eared 
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pe a er 
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FIGURE 10 


TYPICAL CHARACTERISTICS" 


LM2900 
SHORT-CIRCUIT OUTPUT CURRENT 
' {OUTPUT INTERNALLY HIGH) 
vs ° 
SUPPLY VOLTAGE 


loHs—Short-Circuit Output Current—mA 
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FIGURE 8 


PULL-DOWN CURRENT 


vs 
FREE-AIR TEMPERATURE 


Pull-Down Current—mA 
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Ta—Free-Air Temperature—C 


FIGURE 11 


loy.—Low-Level Output Current-mA 


icc—Total Supply Current—mA 


LOW-LEVEL OUTPUT CURRENT 


vs 
SUPPLY VOLTAGE 
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FIGURE 9 


TOTAL SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
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FIGURE 12 


_TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 





tg = 1mA per input volt 


FIGURE 13-VOLTAGE-CONTROLLED CURRENT SOURCE 


TYPICAL APPLICATION DATA 


100 ks 
INPUT O 


DISSIPATION DERATING TABLE 


POWER 

RATING 
1375 mW 
1025 mW 


DERATING 
FACTOR 
141.0 mwW/C 
8.2mW/C 
9.2mW/C 


\ ABOVE 
PACKAGE 


J {Alloy-Mounted Chip) 


J (Glass-Mounted Chip} 
N 1150 mw 


V+ 
O 






FIGURE 14—VOLTAGE-CONTROLLED CURRENT SINK 
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CIRCUITS 


TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 12291, MARCH 1976—REVISED OCTOBER 1979 





e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ... 3 V to 26 V Input Offset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current ...5nA Typ 

© Low Supply Current Drain | Input Bias Current. ..45 nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 

. 0.8 mA Typ Equal to Maximum-Rated 

e Common-Mode Input Voltage Supply Voltage... +26 V 
Range Includes Ground Allowing e Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ...100 V/mV Typ 

schematic (each amplifier) e Maximum Peak-to-Peak Output 
Voltage Swing... Vcc—1.5 V Typ 
e Internal Frequency Compensation 

















=GuA 
CURRENT 
REGULATOR 


=100-2A 
CURRENT canna 
REGULATOR canna 


CURRENT 
REGULATOR 


INPUT 


TO OTHER 
AMPLIFIERS 


description 


This device consists of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 
between the two supplies is 3 volts to 26 volts and 
Pin 4 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 





JOR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


INVERT- NONIN- NONIN- INVERT- 
ING VERTING VERTING ING 
OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 


OUTPUT INVERT- NONIN- Vcc NONIN- INVERT- OUTPUT 
ING VERTING VERTING ING 
INPUT INPUT INPUT INPUT 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 





Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 


interface electronics without requiring additional + 15-volt supplies. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) . 26V 
Differential input voltage (see Note 2) ane +26 V 
Input voltage range (either input) : —0.3 V to 26 V 
Duration of output short-circuit (one amplifier! to ground at for below) 25° °C 

free-air temperature (Vcc < 15 V) (see Note 3) . a ds Si. Gree ot unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature fsce Note 4) see ew we ew ew ew st ew GOOMW 
Operating free-air temperature range —40°C to 85°C 


Storage temperature range 


—65°C to 150°C 


Lead temperature 1/16 inch (1,6 6 mm) from case for 60 ‘seconds: J or W package ~ . a 7 7 . Sides Ngee dee geet 2. 1OOLC 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package oot oo at Be 2S -e -QEOS 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground <arrainal. 
2. Differential voltages are at the noninverting input termina! with respect to the inverting input terminal. 
3. Short circuits from outputs to Ve¢, can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, the LM2902 chips are 
glass-mounted. 
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TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 





electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


y Common-mode input Ver =24V 0 to 
ICR voltage range ce ‘ 
; Vcc = 24NV, RL =2kQ 
VOH High-level output voltage Veo 24 AL > 10 ka 


VOL Low-level output voltage Ry < 10k 


Large-signal differential 


A Vee =15V, R, = 2kQ, Vo =1Vt0o 11 V 
Vb voltage amplification ce L 0 


CMRR Common-mode rejection ratio | Rg < 10kQ 
KsyvpR* Supply voltage rejection ratio Rg < 10kQ | 00— esd] CT 













< 
° 
re) 

UR 

on 


B 
< 


V/imV 





Voi | Voz Channel separation f= 1 KHz to 20 KHz Fe ao ae 
Voo=15V,Vip= 1, Vo=0V 














a) —40 
Output current Voc = 15V, Vip=-1V, Vo=25V mA 
Vip=-lV, Vo=5V 8 20 
a ed 


Supply current (four amplifiers)}| No load, No signal 








*ksvr = AVec/AVIO 

T All characteristics are specified under open-loop conditions. 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentialty constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


TYPICAL APPLICATION DATA 









O OUTPUT A 


O OUTPUT B 


O OUTPUT C 


100 uF 


AUDIO DISTRIBUTION AMPLIFIER 





THERMAL INFORMATION 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Glass-Mounted Chip) 900 mw 11.0mWPC  }§868°C 


PACKAGE 


N 900 mw 9,2 mw/C 52°C 
Ww 900 mW 8.0 mW/C 37°C 





Also see Dissipation Derating Curves, Section 2. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 





LINEAR 
INTEGRATED 
CIRCUITS 










TYPE LM2904 
DUAL OPERATIONAL AMPLIFIER 


BULLETIN NO. OL-S 12402, JUNE 1976—REVISED OCTOBER 1979 





e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 
Single Supply ... 3 V to 26 V Input Offset Voltage ...2 mV Typ 
or Dual Supplies Input Offset Current ...5nA Typ 

© Low Supply Current Drain Input Bias Current. ..45 nA Typ 
independent of Supply Voltage e Differential Input Voltage Range 
...0.5mA Typ Equal to Maximum-Rated 

e Common-Mode Input Voltage Supply Voltage . . . +26 V 
Range Includes Ground Allowing @ Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ... 100 V/mV Typ 

schematic (each amplifier) ¢ Maximum Peak-to-Peak Output 
Voltage Swing... Vcc—1.5 V Typ 
es e Internal Frequency Compensation 


mGpA 
CURRENT 
REGULATOR 





INPUT 


mweuA w100-pA 
CURRENT CURRENT 
REGULATOR REGULATOR 
3 =50-uA 


CURRENT 
REGULATOR 








JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


AMPLIFIER NO. 2 


SS 


NON- 
OUT- INV INV 
Vec+ PUT INPUT INPUT 





0 GND 
{OR Vec-) 

TO OTHER 

AMPLIFIERS 





description 


This device consists of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 
between the two supplies is 3 volts to 26 volts and 
Pin 8 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


OUT- INV NON- GND 
PUT INPUT INV 
INPUT 


AMPLIFIER NO. 1 





U FLAT PACKAGE 


Applicati include tr cer amplifiers, d-c ampli- 
pplications include transdu amplifiers, p (TOP VIEW) 


fication blocks, and all the conventional operational 
amplifier circuits that now can be more easily 
implemented in single-supply-voltage systems. For our ow NOW 
example, the LM2904 can be operated directly off of PUT INPUT INPUT 
the standard five-volt supply that is used in digital 
systems and will easily provide the required interface 
electronics without requiring additional +15-volt 
supplies. 


AMPLIFIER NO. 2 


DISSIPATION DERATING TABLE 
POWER DERATING 
RATING 
680 mw 
P 680 mW 
U 675 mW 


ABOVE 
FACTOR TA 
6.6 mW/C 41°C 
8.0 mwW/C 65°C 
5.4 mW/C 25°C 


PACKAGE 


JG (Glass-Mounted Chip) 





AMPLIFIER NO. 1 





Also see Dissipation Derating Curves, Section 2. NC--No internal connection 
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TYPE LM2904 
OPERATIONAL AMPLIFIER 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). ww we ke ee ee ee ke ee ee ee ee ee we) 626M 
Differential input voltage (see Note 2) Bi Age. hie 2G VAse tees ik sak «ok, Re a! TE hay tetera, Bee GBA WG i eee 
Input voltage range (either input) .. . woe ew ew ew ew we 60.3 V to 26 V 


Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 


free-air temperature (VCC S15 V) (see Note3) ...... 2 ee ee ee ee ee unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JG or P package ... . 680mW 
U package » .. . 675 mW 

Operating free-air temperature range... 1 1 we ee ee ee ee ee ee —40°C to 85°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGorU package .......... . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ........ ++ seas 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the LM2904 chips are 
glass-mounted. 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


TEST CONDITIONS TYP Max| UNIT 


Common-mode input 
VICR Voc = 24V 
voltage range 


; Vec = 24V, Rp =2k2 
VOH High-level! output voltage 
Vec = 24V, Ri 2 10k 


VOL Low-level output voltage RL <10k2 


Large-signal differential 
A Vec=15V, Ry 22kQ, Vo =1Vto11V 
VD voltage amplification ce L 0 


CMRR Common-mode rejection ratio | Rg < 10 kQ 
ksyp* Supply voltage rejection ratio Rs < 10 k2 
Vo1/Vo2 ~~ Channel separation f = 1 kHz to 20 kHz 


Vec =15V, Vip=1V, Vo=0V 
Output current Vcc =15V, Vip=-1V, Vg=2.5V 
Vip=-1V, Vo=5V 





"*ksvr= AVcc/AVio Tall characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


TYPICAL APPLICATION DATA 








SELECT VALUES FOR: CALCULATE: 
Q 
R1 = R3 = R5 = — 
C1 and C2 woC 
where C1 = C2 R2 = R1 
Wo = 2nfg eet eae 
K K:Q 
K 
; R1-K-Q 
K is selected to R4 = ae 
optimize sensitivity 20 — 
and is typically R6E=K-RI 


between 1 and 10. 


MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER 
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TYPES MC1558, MC1458 
LINEAR DUAL GENERAL-PURPOSE 


tl hoa ED OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 11457, FEBRUARY 1971—REVISED OCTOBER 1979 






e Short-Circuit Protection e Low Power Consumption 
@ Wide Common-Mode and e No Latch-up 
Differential Voltage Ranges e Designed to be Interchangeable with 
e No Frequency Compensation Required Motorola MC1558/MC 1458 and Signetics 
$5558/N5558 
description 


The MC1558 and MC1458 are dual general-purpose operational amplifiers with each half electrically similar to uA741 
except that offset null capability is not provided. 

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower 
applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without 
external components. 


The MC1558 is characterized for operation over the full military temperature range of —55°C to 125°C; the MC1458 
is characterized for operation from O°C to 75°C. 
JG OR P DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) 


AMPLIFIER NQ. 2 AMPLIFIER NO. 2 


NON 
NON. 
INV INV OUT INV INV 


OUT- 
Vec+ PUT INPUT INPUT 


PUT INPUT INPUT 





- INV NON- Vcoc— 
PUT INPUT INV 
INPUT 


AMPLIFIER NO. 1 AMPLIFIER NO. 1 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Dmersss | _mcias8_| UNIT | 
Supply voltage Vcc+ (see Note 1) pees ie i Ae 
Supply voltage Vcc_. (see Note 1) | 220d Bl 
Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3) Vv 
Duration of output short-circuit (see Note 4) ——E— 
[Eechampliier ————~S~*dYCié SO 
er [SEER oo Ia Ya 
Total package 
ec 

















































Continuous total dissipation at (or below) 25°C 
free-air temperature (see Note 5) 










Operating free-air temperature range 


















Storage temperature range —65 to 150 —65 to 150 =C 
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds JG or U package =C 
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds P package ee ee eee °C 











All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc and Vcc_. 

Differential voitages are at the noninverting input terminal with respect to the inverting input terminal, 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 

The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. in the JG package, MC1558 chips are alloy- 


NOTES: 


ae ge 


mounted; MC1458 chips are glass-mounted. 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VC¢C+ = 15 V, Vcc— = —15 V 


Full range 
ho Input offset current 


Full range 


25°C 
y Common-mode 
Aas input voltage range a 
25°C 
Full range 
2c |_20 
Full range 


Ry 2 2kQ, | 25°C 
voltage amplification Vo =+10V 
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ar 
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; > 
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oO 
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N 
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300 
nA 
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on N 
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ro) 
oO 
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Maximum peak-to-peak 
Vopp 


N 
i2)) 
i) 
Oo 
N 
Oo 


Output voltage swing 


N 


me 
w ro) 
8 N =) 







2 


oO 
oO 


Large-signal differential 


oO 


A 
Vb Full range 


NO 
° 
N 
° 
= 
3 
< 























RL =2kQ, 
Bom per outer Vo21t10V, 25°C oe 
bandwidth (closed-loop) Avpb = 1, 
THD « 5% 
25°C ae 
| dB 


~ 
ao 


~J 
on 
Pe 


. = 
[Am —_Gainmargin _——S—S=«dtSCSCCSSC*id 
ig 

Cc 


i 
Vo = 0, 
Output resistance 25° 
See Note 6 
i 


4 
m 
m 
[Gr Input capacitance ——i«dtSCSCSSC*dé 
Co on-mode 
input impedance 
. . 25°C 70 
CMRR Common-mode rejection ratio | Rg < 10k2 
Full range 0 
k Supply voltage sensitivity . ae 25°C 
gS 
SVS (AVi9/AVcc) = Full range 


Equivalent input 


N 
= 
~ 


o 
ww ro) 
on N 


~J 


+ 
NO 
+ 
> 
o 


wo 
Oo 
wi [~ 
oO 
© 
Oo 


a 
QO 
—_ 


Ww 

a 
1 
< 
ee, 

E 













Vin noise voltage 25°C 


(closed-loop) 


25°C 
(Both amplifiers) No signal 
(Both amplifiers) No signal 


Voi/Vo2 Channel separation Sie 25°C 


ol 


+2 


- 
oO 
_ 
~~ 


© 
(~) a Oo 
i+ 
A») 
>] oO Oo 
<x 


120 





TAIL characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —55°C to 125°C and for 
MC 1458 is O'C to 75°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


Vi=20mV, Ry =2ka, 
Overshoot factor Ci. = 100pF, See Figure 1 


SR 3 ee . Vv); =10V, RL =2kQ, 
e e at uni ain 
se Le ik C,; = 100pF, See Figure 1 





85 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
RATING FACTOR Ta 
JG (Alloy-Mounted Chip) 680 mW 8.4mWSC 69°C 


PACKAGE 


JG (Glass-Mounted Chip) 680 mW 6.6 mw/C 47°C 
P 680 mW 8.0 mwW/C 65°C 
U 675 mW 5.4mwWLC 25°C 





Also see Dissipation Derating Curves, Section 2. 


schematic (each amplifier) 


TO OTHER 
AMPLIFIER 






INVERTING 
INPUT 
° Vcc+ 


NON- 
INVERTING o 
INPUT 


OUTPUT 


1k2Q 


° Vcc-— 





TO OTHER 


COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER 





PARAMETER MEASUREMENT INFORMATION 


OUTPUT 





INPUT 


INPUT VOLTAGE 
WAVEFORM 


Cy = 100 pF Rr =2kn 


TEST CIRCUITS 


FIGURE 1—RISE TIME, OVERSHOOT, 
AND SLEW RATE 
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TYPES. MC1558,MC1458 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





INPUT OFFSET CURRENT 
vs 


FREE-AIR TEMPERATURE 


to— input Offset Current—nA 





0 
-60 -40 -20 0 20 40 60 80 100 120 140 


Ta—Free-Air Temperature—'C 


FIGURE 2 : 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
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Vopp—Maximum Peak-to-Peak Output Voltage-—V 
nN 








f=Frequency~Hz 
FIGURE 5 


COMMON-MODE REJECTION RATIO 
VS 


FREQUENCY 


pT tT vccee iy 


8 





CMRRA—-Common-Mode Rejection Ratio-dB 
8 § 8 8 


f—Frequency—Hz 


FIGURE 8 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 
vs 


FREE-AIR TEMPERATURE 


Hee ab dea Vec+* us Vv 


fe rs 
CELE 
“CNT ACC 
peieal eo eee etcd 


Rhee Seee 
Pee eieee 
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I1g—!nput Bias Current—nA 





Ta—Free-Air Temperature— C 


FIGURE 3 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


ee TEER 
i OE 








Ayp—Differential Voltage Amplification—V/mV 
Avo-Differential Voltage Amptitication 


10 12 14 #16 18 20 


ees | Supply Voltage—Vv 


FIGURE 6 


OUTPUT VOLTAGE 
vs 


ELAPSED TIME 
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Vo—Output Voltage —-mV 
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FIGURE 9 


Vopp—Maximum Peak-to-Peak Output Voltage—V 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
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Ry —~Load Resistance—k2 


FIGURE 4 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
VS 
FREQUENCY 





Input and Output Voltages—V 
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FIGURE 7 
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FIGURE 10 
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LINEAR TYPES MC3503, MC3303, MC3403 


INTEGRATED 
IRGLITS — QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 12676, FEBRUARY 1979-REVISED OCTOBER 1979 






e Wide Range of Supply Voltages 
Single Supply ...3 V to 36 V 


JOR N DUAL-IN-LINE PACKAGE 


or Dual Supplies (TOP VIEW) 
e Class AB Output Stage 
e True Differential Input Stage AMPLIFIER NO. 4 AMPLIFIER NO. 3 
e Low Input Bias Current WANG. VERTING VERTING ING. 


OUTPUT INPUT INPUT VcCc— INPUT INPUT OUTPUT 


e Internal Frequency Compensation 
e Short-Circuit Protection 


e Designed to be Interchangeable with 
Motorola MC3503, MC3303, MC3403 


description 


The MC3503, MC3303, and the MC3403 are quad- 
ruple operational amplifiers similar in performance 
to the uA741 but with several distinct advantages. 
They are designed to operate from a single supply 


over a range of voltages from 3 volts to 36 volts. OUTPUT INVERT- NONIN- Voc+ NONIN- INVERT- OUTPUT 
: . . : . . VER 

Operation from split supplies is also possible provided pe pu ies INPUT 

the difference between the two supplies is 3 volts to Pe Mn SNe 


. AMPLIFIER NO. 1 AMPLIFIER NO. 2 
36 volts. The common-mode input range includes 


the negative supply. Output range is from the nega- 
tive supply to Vcc — 1.5 V. Quiescent supply cur- 
rents are less than one-half those of the uA741. 





The MC3503 is characterized for operation over the full military temperature range of —55°C to 125°C. The MC3303 
is characterized for operation from —40°C to 85°C. The MC3403 is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


es [esses mesaes [unit 
| Supply voltage Vocy (seeNote1) ———i‘iTSs tt 
| Supply voltage Vec—(seeNotet) CEC T1818 
[Supply voltage Voce with respect toVeg. —=Ss=“‘“‘*S*S*“‘*é‘“‘“dRSC*‘SSC*“‘(‘#T“=COC#NNS CSS 
[| Differential input voltage (seeNote2) iT | |e 
00 
260 















36 

+36 
Input voltage (see Notes 1 and 3) +18 
Continuous total dissipation at (or below) 25°C J Package 1375 
300 


+18 


1025 1025 


mw 








36 
36 + 
free-air temperature (see Note 4) [NPackage| | 1150 | 1150 | 
T ead temperature 1/48 inch (1.6 mm) from case for 6D seconds [JPackage | 300 | 300 | 900 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds |NPackage| = «| = 260s 260 


NOTES: 1. These voltage values are with respect to the midpoint between Voc4 and Vcoc_. 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
Neither input must ever be more positive than Vcc or more negative than Vcc_. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC3503 chips are alloy- 
mounted; MC3303 and MC3403 chips are glass-mounted. 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 


J (Alloy-Mounted Chip) 1375mW 11.0mw/C 25°C 


: ; ls] |<\-}e|s{ee 


PON 


PACKAGE 


J (Glass-Mounted Chip) 1025mW  8.2mW/C 25°C 
N 1150mW  9.2mW/C 25°C 





Also see Dissipation Derating Curves, Section 2. 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature: VCC+ = 14 V, Vcc— = 0 V for MC3303; 
Vcc: = +15 V for MC3403 and MC3503 


PARAMETER TEST CONDITIONST 
TA=25C See Note 5 
Vio Input offset voltage 
Ta = full range, See Note 5 
Temperature coefficient 
aVvio F A=25C 
of input offset voltage 


tT 
te ‘ TA=25 C, See Note 5 
nput offset curre 
19 ‘ ie Ta = full range, See Note 5 200 
A 
; Ta = 25 C 2 —0.5 —0.2 . ~ —0.2 —0.5 
lip Input bias current 
Ta = full range 


= fe] 
Temperature coefficient is 
a0 - ; ‘i Ta=25C 
of input offset current 
A= 
TA=25°C 
RL=10k2, Tpa=25°C +12 +13.5 
RL=2k92, Tp =25°C #10 +13 
Ry =2kQ, Ta = full range +10 
Large-signal differential |RE = 2k, Ta = 25°C 50 200 
voltage amplification Vo=+t10V Ta = full range 25 


Vopp=20V, RL=2kQ, 
Avp = 1, Ta = 25°C, 
THD < 5% 


: : RL =10k2, Vo=50mvV, 
By Unity-gain bandwidth i 
TA=25C 
Cy =200pF, Ry =2kQ, 
om Phase margin L 7 L 
TA=25C 


io Outputresistance [f= 20He, Ta 26°C 


Common-mode a 

CMRR Rs <10k2, Ta =25°C 70 90 70 90 
rejection ratio 
Supply voltage sensitivit - 

ksvs Ta = 25°C 30 150 30 150 30 150 
(AVi9/AVcc) 

jeg: | eOeeireulboutout’ * | Tr eb6%C #10 430 #45/ +10 +30 +45/ #10 +30 +45] mA 
current 8 

1 Total supply current eHoad: Ome 2.8 4 2.8 7 2.8 

cc Ta = 28°C , 


TAI characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ta is —55 C to 125°C for MC3503; —40°C 
to 85°C for MC3303; and 0°C to 70°C for MC3403. 

The Vicr limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vec+: 
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded, 

NOTE 5: Vjo and !16 are defined at Vo = 0 V for MC3503 and MC3403, and Vo =7V for MC3303. 










MC3503 
MIN TYP MAX] MIN TYP MAX; MIN TYP MAX 







UNIT 





< 






ol 
— 
j=) 


i) 
ww! 
ol 
ie) 
i=) 


— 

oO 
ol -_ 
(o) N 


> 


= = 3 
o>) 










b 
N 
> 


oO 
| nN 
j; jo on 
=lo Oo 
ce) 
> 
™S 
ie) 


Common-mode input 





voltage range t 






+12 +£13.5 
+10 3 =+£13 
+10 

20 


12 12.5 





Peak output 





voltage swing 











200 
VimvV 


—= 
w 
= 
Ww 
o1 






Maximum-output- 






x 
= 
N 








swing bandwidth 






jo) 
WwW 
—_ 
oO 
wo 
= = 
fo) 
W 
— = 


~ 

| 
~ 
ol 
~J 
OT 


> 
1 






uV/IV 


~J 
r=) 
A 
r=) 
2 = 


~ 
= 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


| TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics, Vcc+ = 5 V, Vcc— = 0 V, Ta = 25°C (unless otherwise noted) 


| mc3so3_— | MC3303 Mc3403 
PARAMETER TEST CONDITIONSt UNIT 
M TYP MAX | MIN TYP MAX{ MIN TYP MAX 


lio Input offset current Vo=2.5V 30 50 30 50] nA | 
iig___Inputbies current | SS “02 05] —SsSSC~C~ -02 05] vA 


IN 
RL =10k2 3.3 3.5 3.3 3.5 x, Hee | 3.5 
Peak output y 


VOM RL =10k2, 
| voltage swing § Vv — 1.7 V — 1.7 Vv — 1.7 
eas Vec+=5Vto30v | oot eer os 
Large-signal differential 
AvpD aca ts RL =2k2,4VQ=2V 20 200 20 200 20 200 VimV 
voltage amplification 













Power supply sensitivity 
ksvs 15 
(AVi9/4Vcc:) 
iC Supply current | No Load, Vo = 25 257 
Vo1/Vo2 Channel separation f = 1 kHz to 20 kHz 


TAII characteristics are specified under open-loop conditions. 
Output will swing essentially to ground, 





operating characteristics: Vcc+ = 14 V, Vec— = 0 V for MC3303; Vcc+ = +15 V for MC3403 and 
MC3503; Ta = 25°C, Ayp = 1 (unless otherwise noted) 







See Figure 1 









AVo = 50 mV, C. = 100 pF, Ry = 10 k2, 
See Figure 1 





PARAMETER MEASUREMENT INFORMATION 





FIGURE 1—UNITY-GAIN AMPLIFIER 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 











91 


TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICST 











INPUT BIAS CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
oe vs vs 
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 

250 > 
wr MeereeW Ts UN ee f 
ee ea elie has ia a ee ae 
aes : 
a De 6 
E 150 = 5 150 x 
ms Be (ie ia ame Oe (ee : 
7.) % a 
eee Sieh ine a (ea x : 
Pd : 100 x 
ape ee en eal a é 
T ] 7 
=e me es E 
— §0 — 50 : 
aes a = 
ea es ea 0 3 

—75 -50 —25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 > 0 2 4 6 8 10 12 14 16 

TA—Free-Air Temperature—°C Nec t Supply Voltage—V VcctlSupply Voltage—V 
FIGURE 2 FIGURE 3 FIGURE 4 
LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS vs VOLTAGE-FOLLOWER 
FREQUENCY FREQUENCY LARGE-SIGNAL PULSE RESPONSE 





30 

COT TTT 

CL=0 

os) TID ane 

CULMS 
20 see Figure 1 
| HCCC LT 
10 P 
CM NI Ti 

a Al 
LLIN LTT 

0 tH 










10 


Pt veces = 215 
Baee 2h 
OUTPUT /\ | ti\ See Figure 1 
eae ae 
pes Ad ete ee Ll 
ay Ae 
ete us Tea Ne 
aan 
Po ise hs 
alcool sl esd eesecoaoe 





a 





{Input and Output Voltages—V 
° 


ot 
Avp—Differential Voltage Amplification 


—10 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





1k Ak 10k 40k 100k 400k 1M 0 10 20 30 40 50 60 70 80 90 
f—Frequency—Hz f—Frequency—Hz t—Time—ps 
FIGURE 5 FIGURE 6 FIGURE 7 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 


schematic (each amplifier) Fe Se ee 


NONINVERTING} 
weruT 


TO THREE 
OTHER 
AMPLIFIERS 


- - O Vcec- 
All component values shown are nominal I ceases tie 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


LINEAR TYPES NE5532, NE5532A 


INTEGRATED Nua OW a . 
PTREUITC UAL LOW-NOISE OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 12733, NOVEMBER 1979 





e Equivalent Input Noise Voltage... ashe ne er esta a P 
5 nV/\/Hz Typ at 1 kHz Hons at 
e Unity-Gain Bandwidth ...10MHz Typ 
NON- 
e cee Rejection Ratio... siege COL enone 
yp 


e High DC Voltage Gain... 100 V/mV Typ 


e Peak-to-Peak Output Voltage Swing... 
32 V Typ with Vcc+ = +18 V and 
Ri = 600 2 


e High Slew Rate...9 V/us Typ 
e Wide Supply Voltage Range... +3 V to +20 V 


e Designed to be Interchangeable with Signetics Sony ek Meee 
NE5532 and NE5532A INPUT 


description 





The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc and ac 
characteristics. They feature very low noise, high output drive capability, high unity-gain and maximum-output-swing 
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These 


operational amplifiers are internally compensated for unity gain operation. The NE5532A has guaranteed maximum 
limits for equivalent input noise voltage. 


The NE5532 and NE5532A are characterized for operation from O°C to 70°C. 
schematic (each amplifier) 






NONINVERTING 
INPUT 


INVERTING 
INPUT 


OVecc-— 


All component values shown are nominal. 


SSS ge a a a a a a CRT a a a a a a a a eT AP 
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TYPES NE5532, NE5532A 


DUA 


L LOW-NOISE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


NOTES: 


Supply voitade: V Ges: see Note 1): n.r0re cae eens 4b hae ule ee OOE ES Oe Gai Che ee em ee Se eee 22 V 
Supoly voltage, Vocu (see Note 1) cia ss carigiiees eee bw ee eee ea wee ON RTO aS —22 V 
Input voltage, either input (see Notes 1 and2) ............006- ss gs gle dn Ok ae Mecano Gt aka Vcct 
Input current {see NOtC 3)? seduce Ae oe we ee eke en eas Be Se ea eee +10 mA 
Duration of output short-circuit (see Note 4) 2... ke ee ee tees i ice ews unlimited 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5): | 

OG PdCK ade: .. 225 hes eb eee Re Ew I et EW a ele el eS Baerererd 825 mW 

POACKd0G. iw 5 Nw Be ei eek One w OT Aa ee Ue CREO ST OEE 1000 mW 
Operating free-air temperature range: NE5532, NE5532A 2.1. ee ens 0°C to 70°C 
Storage temperature range: << s,s Sos bee ees eas Ss Se SA ee ve oe eee o ee 4 —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package ....... 0... eee ee ee eee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ..........0 2 eee eee eves 260°C 


1. All voltage values, except differential voltages, are with respect to the midpoint between Vcoc+ and Vcc_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless 
some Jimiting resistance Is used, 

4, The output may be shorted to ground or either power supply, Temperature and/or supply voltages must be limited to ensure 
the maximum dissipation rating is not exceeded, 

5. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the JG package, chips are glass-mounted. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR TA 


PACKAGE 


JG (Glass-Mounted chip) 825 mW 6.6 mwW/°C 25°C 
P 1000 mW 8.0 mW/C 25°C 


Also see Dissipation Derating Curves, Section 2, 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 





electrical characteristics, Vcc+ = +15 V, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX meee 
TA = 25°C 
Vio Input offset voltage Ta =O°Cto 70°C 
Ta = 25°C 
lio Input offset current Ta =0°C to 70°C 
Ta = 25°C 
lB Input bias current Ta = 0°C to 70°C 
A ~ 
‘ Common-mode input 
ICR voltage range 




















© 

oO 

3 
ke 








nA 





—_ 
oO 


~J Ww NO 
oO (on) on 
a1O N 

Ol NO (on) 


I+ 
GEN = 
oO}; + Nh 

I+ 
WIN = 
No; oO Le) 







y Maximum peak-to-peak Hh Se00'O Vec+ = +15 V 
Er output voltage swing ein Vcc+= +18 V 
Ry, 2 600 2, Ta = 25°C 50 


Vo=+#10V Ta = 0°C to 70°C 
RL > 2kQ, Ta = 25°C 
Vo=110V Ta = 0°C to 70°C 


Smalt-signal differential 
Avd Ree f = 10 kHz 
voltage amplification 
5 Maximum-output-swing R_ = 600 2, Vo =+110V 
2M bandwidth ; C+ 
By Unity-gain bandwidth R, = 600 2, Czy = 100 pF 
Lt Input resistance 300 


Ayp=30d8, A= 6009, —_—~f= 10 kh 
CMRR Comm-mode rejection ratio 


Supply voltage rejection 
k 80 100 
SUE _ ratio (4Vces/4Vi0) Fe es a 
[oS Output short-ciruit current |__——=SSSSSCSCSCSCSSCSCCSCSCCSSCSSSC*idC 


Vo1/Vo2 Channel separation Vo1=10V peak, f=1kHz 


operating characteristics, Vcc+ = +15 V, TA =25°C 


PARAMETER TEST CONDITIONS ma ae 


MIN TYP MAX | MIN TYP MAX 
CRA. TTT TE SASSO SORE RA Sime SOO 
V,;=100mV, Ayp=1, 


V Equivalent i t noi It Mee = 30 Hz _ : 
uivaient input noise voltage 
ee e | fet khe eee ee ee 
In Equivalent input noise current 


Large-signal differential 





AvD V/mvV 





nt 


voltage amplification '@) 









VimV 


kHz 











x 
| 


= 
Sj 1T 


4 








>| > 















IR Ee a TI I a I FT NSF RE IEE IT FET SS TE a NTS IS TT 
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LINEAR TYPES NE5533, NE5533A 
INTEGRATED DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


CIRCUITS BULLETIN NO. DL-S 12734, NOVEMBER 1979 





e Equivalent Input Noise Voltage... 


3.5 nV//Hz Typ (NE5533A at 1 kHz) NE5533, NE5533A...J ORN 
e Unity-Gain Bandwidth ... 10 MHz Typ ee ns 

Common-Mode Rejection Ratio... re eae 

100 dB Typ ep 
e High DC Voltage Gain... 100 V/mV Typ SOM sap eign Weed icatbay genie. “eat 


@ Peak-to-Peak Output Voltage Swing... 
32 V Typ with Vcc+ = +18 V and 
Ri = 6002 





e High Slew Rate... 13 V/us Typ 
e Wide Supply Voltage Range ...+3 V to +20 V 
. Low Harmonic Distortion INVERT- NONIN. BAL Vec— BAL NONIN- INVERT- 
e Designed to be Interchangeable with Signetics wear SineuT “WPUT INPUT 
NE5533 and NE5533A AMPLIFIER NO. 1 AMPLIFIER NO. 2 
description 


The NE5533 and NE5533A are dual monolithic high-performance operational amplifiers combining excellent de and 
ac characteristics. Some of the features include very low noise, high output drive capability, high unity-gain and 
maximum-output-swing bandwidths, low distortion, and high slew rate. 


These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of 
the frequency response for various applications can be obtained by use of an external compensation capacitor between 
the compensation terminals. The devices feature input-protection diodes, output short-circuit protection, and offset- 
voltage nulling capability. | 


The NE5533A has guaranteed maximums on equivalent input noise voltage. 


The NE5533 and NE5533A are characterized for operation from 0°C to 70°C, 
schematic (each amplifier) 


BALANCE COMPENSATION/BALANCE COMPENSATION 
. J J 





All component values shown are nominal. 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS . 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC+ (see Note i eos tathatae dint boston wees Se eneal ee rere 22 V 
Supply voltage, VcC— (see Note 1) 1. ee ee ee ee eee eee ee ae ene —22V 
Input voltage either input (see Notes Tand2) ...........-... seis ecie: ara aie goat Qs ae eae aaa are aes Vcct 
Input current (see Note 3) 6. ke ee ce cee eee eee eee teeta e eens fe eater +10 mA 
Duration of output short-circuit (see Note 4) ............000ee tne hinds ah Wieser ts Ree ea So aaa ae tele. e unlimited 
Continuous total power dissipation at (or below) 25°C free- -air temperature (see Note 5): 

Jpackage ....... ip Ae he he yee ea ander ace Ne Aare Oe Raeraxe ae ea 1025 mW 

Nipackdde~ <6 Shinde sales eee 6 Eee Aer deena A Beeees 1150 mW 
Operating free-air temperature range: NE5533, NE5533A 2... ee ee ee te eee 0Cto70C 
Storage temperature range 0... ce eee eet tee ete een eees veeaee —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for GO seconds: J package ..........-22+++00- .... 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ......-... 0.0 cess eeeee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vec+ and Vec—. 


2. The magnitude of the Input voltage must never exceed the magnitude of the supply voltage. 


3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the Inputs unless 
some limiting resistance Is used. 


The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure 
the maximum dissipation: rating is not exceeded. 


For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J Packed, these chips are glass- 
mounted, 


DISSIPATION DERATING TABLE 


POWER DERATING | ABOVE 
RATING - FACTOR Ta 


PACKAGE 


J (Glass-Mounted Chip) 1025 mW 8.2mW/PC 25°C 
N 1150 mW 92mwW/C 25°C 


Also see Dissipation Derating Curves, Section 2. 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 





electrical characteristics, VcC+ = +15 V, TA = 25°C (unless otherwise noted) 


| NES533, NESS33A | 
ad 
Ta =25°C | | 
: Ta =25°C . 
VICR voltage range 


Maximum peak-to-peak V =+15V | 
Vopp : i‘ Ry = 600 2 cc 


























V 
; V 
output voltage swing 


as Large-signal differential R_ > 6002 Ta= 25°C | 25 100 | aay 
voltage amplification Vo=+110V Ta=O0Cto70C 1B 
a a ae 


Smali-signal differential 
A Tend Te f= 10 kHz c VimV 
voltage amplification Co = 22 pF 














Maximum-output-swing 
bandwidth 





Vo = +10 V, Cc = 22 pF 
Vo =t14V, 





















B 
OM Vecs = 218 V, 


Co = 22 pF 


By Unity-gain bandwidth Cc = 22 pF C. = 100 pF 


R,_ = 600 2, 









+12 +13 
70 
ri 
A 30 dB, R, =600 2 Co = 22 pF, 
Zo Output impedance VD L C 
f = 10 kHz 
CMRR__Common-moderejectionratiol 100 
Supply voltage rejection | 
ksvR re Pie 80 100 
ratio (AVcc+/AVIo) 
Vo1/Vo2 Channel Separation Rg=5kQ, f=1kHz, Ayp=100 | 110 


operating characteristics, Vcc+ = +15 V, TA = 25°C 


TER DITI 
PARAME TESTCONDHION: MIN TYP MAX | MIN TYP MAX 


r 















: een rere Geeenee eee 
t Rise time 
RL = 600 2, 












; Vi, = 50 mV, 
tr Rise time F 600 2 
L~ ’ 


' f = 30 Hz 7 
V Equivalent input noise voltage 
f= 1 kHz 
, ans 


| Sg ran ereeee » Lfesonz 
uivalent input noise curren 

: : i f= 1 kHz Bo S062. 

F Average noise figure Rs =5kQ, f = 10 Hz to 20 kHz lien cise ween co ol 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


LARGE-SIGNAL 
NORMALIZED INPUT BIAS CURRENT 
vs vs 
vs 
FREE-AIR TEMPERATURE FREQUENCY FREQUENCY 









Vect = £15 V 
TA=25C 
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eee MUTE 8 
ff STATA 
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BA NN RE 
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Om 
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Avyp-—Differentiat Voltage Amplification 
- r=) 
° ra 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
an 





Normalized Input Bias Current and Input Offset Current 
2 


10 20 30 40 S50 60 70 80 100 10k 100 k 1M 10 100 14k 10k 100k 1M 10M 100M 

Ta—Free-Air Temperature— C os 

A pe a Frequency—Hz fahrequencyoHe 

FIGURE 1 FIGURE 2 FIGURE 3 
NORMALIZED SLEW RATE and NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH TOTAL HARMONIC DISTORTION 
vs vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREQUENCY 


Pe ee 
Cee 


a 


ee UNITY-GAIN BANDWIDTy 


THD—Total Harmonic Distortion—% 





Normatized Slew Rate and Unity-Gain Bandwidth 





Normalized Slew Rate and Unity-Gain Bandwidth 


0.001 
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f—Frequency—Hz 


0.8 
oOo 10 20 30 40 «#50 60 #70 80 
Ta—Free-Air Temperature—C 





. Nect-Supply Voltage—V 
FIGURE 4 FIGURE 5 FIGURE 6 


EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
vs VS v$ 
FREQUENCY FREQUENCY SOURCE RESISTANCE 
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Vn—Equivatent Input Noise Voltage—nV/A/Hz 
In—Equivalent Input Noise Current—pAA/Hz 


Total Equivalent input Noise Voltage—pV 








f—Frequency—Hz Rg-Source Resistance—2 
FIGURE 7 FIGURE 8 FIGURE 9 
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LINEAR TYPES RM4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 12368, MARCH 1976 — REVISED OCTOBER 1979 


INTEGRATED 
CIRCUITS 





J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE 

e Wide Common-Mode and (TOP VIEW) 
Differential Voltage Ranges 


e Continuous-Short-Circuit Protection 


e No Frequency Compensation Required AMPLIFIER NO. 4 AMPLIFIER NO. 3 


@ Low Power Consumption INV NON-INV OUT- ‘out. NON-INV INV 
INPUT INPUT PUT Vcc+ PUT INPUT INPUT 


e No Latch-up 
e Unity Gain Bandwidth 3 MHz Typical 
e Gain and Phase Match Between Amplifiers 


e Designed to be Interchangeable with 
Raytheon RM4136 and RC4136 


description 


The RM4136 and RC4136 are quad high-performance 
operational amplifiers with each amplifier electrically 
similar to uA741 except that offset null capability 
is not provided. 


The high common-mode input voltage range and the INV. NON-INV OUT- OUT- NONINV INV Vcc 
absence of latch-up make these amplifiers ideal for NPUT INPUT PUT PUT INPUT INPUT 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency comp- 
ensation ensures _— stability without external 
components. 


AMPLIFIER NO, 1 AMPLIFIER NO. 2 





The RM4136 is characterized for operation over the full military temperature range of -55°C to 125°C; the RC4136 is 
characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 









Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— {see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3) 





22 
-—-22 
5 
Duration of output short-circuit to ground, one amplifier at a time (See Note 4) | unlimited =| unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
Operating free-air temperature range = 
| _=65to 150_| 
300 


+30 
00 


3 Cc 
S <j<| <j <Je 
4 







QO 


Storage temperature range —65 to 150 —65 to 150 = 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package | 300-—'/-§ ss | 00—™ 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package a ae i 


QO 


° 





NOTES: 1. Atl voltage values, unless otherwise noted, are with respect to the midpoint between Vcc, and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is fess. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded, 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, RM4136 chips are alloy- 
mounted; RC4136 chips are glass-mounted, 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 


J (Alloy-Mounted Chip) 800 mW 11.0 mwW/C 


PACKAGE 


J (Glass-Mounted Chip) 800 mW 8.2 mW/C 
N 800 mW 9.2mW/C 
W 800 mW 8.0 mW/C 


Also see Dissipation Derating Curves, Section 2. 
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TYPES RM4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCC+ = 15 V, Vcc— = —15 V 


— —_ BT ___Betts __ 
PARAMETER TEST CONDITIONSTt UNIT 
aN MAX 


a SLY SS GET 

V Input offset volta Rg <10k2 Ea 
10 = Cl aes | ocean 
asc TOO 00 

Input offset current 

euiironge | |e 
2erc | 0 | 500 
Full range a i os 


a oe ae Coa ae Ee 


anatase a 

[aLeakn [asc | 2025 [ae sv 
Pa zea | Fal range [9090 
AvD eee VimV 
rakacoietreliffeation Vor soy |Fullrenge [28 

}By SS Unity-gainbandwicth =| tS | 28ST Me 
a CO OS 
CHAR Commonmode rection ratio [Rg <10ka [25°C] 7090] 7090] a 
[esse Supp vole eativiy [Rg ctonm [as | 30a [a0 


ee 


ae |e 5 a3 
MINTA [8 133 | 137] ma 
MAXTa | 45 10 | 4510 









lio 


iB Input bias current 







Common-mode 








input voltage range 






Maximum peak-to-peak 
output voltage swing 


















Equivalent input 
Vn noise voltage 
(closed-loop) 

















No load, 
No signal 


Supply current 
(All four amplifiers) 






25°C 
MIN Ta 180 400 180 400 
MAX Ta 135 300 135 300 
FE 
Vo1/V Channel separation > 


*ksvs = AVi9/AVcc 






_ 
or 
oO 
ies) 
aS 
Oo 






Total power dissipation No load, 


(All four amplifiers) No signal 









TAU characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for 
RC4136 is OC to 70°C. 


operating characteristics, "aaa =15V, Vcc—=—-15V, TA =25°C 









TEST CONDITIONS eee 
pe PanameeR | MIN MAX 


=20mV, Ry =2k2, 
peume = = 100 pF = 
in Vp=10V, RL=2kQ, 
hi eee ene Cy = 100 pF pte ft fi | 


schematic (each amplifier) 






Vcc+ O 


NONINVERTING 
INPUT 


INVERTING 
iweur s * 





Vcc- oO 
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LINEAR TYPES RM4558, RC4558 
CIRCUITS 






JG OR P 





e Continuous-Short-Circuit Protection | DUAL-IN-LINE PACKAGE 

e Wide Common-Mode and | oP AEw) 
Differential Voltage Ranges aaa ste 

e No Frequency Compensation Required 

e Low Power Consumption 

e No Latch-up 

e Unity Gain Bandwidth 3 MHz Typical 

@ Gain and Phase Match Between Amplifiers 

e Designed to be Interchangeable with 
Raytheon RM4558 and RC4558 

description 


The RM4558 and RC4558 are dual general-purpose operational amplifiers with each half electrically similar to uA741 
except that offset null capability is not provided. 7 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower 


applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without 
external components. 


The RM4558 is characterized for operation over the full military temperature range of —55°C to 125 C; the RC4558 
is characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RM4558 RC4558 UNIT 
Supply voltage Vcc+ (see Note 1) | 8 


Supply voltage Vcc — (see Note 1) | 1B 











Differential input voltage (see Note 2) , +30 

Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
60 


Operating free-air temperature range | -85to 125 | 0 to 70 
Storage temperature range —65 to 150 —65 to 150 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds [JG package | 300 | 300 ~| 


Lead temperature 1/16 inch (1,6.mm) from case for 10 seconds P package . 





NOTES: 1. All voltage values, unless otherwise noted, are with’respect to the midpoint between Vocy and Vcc_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, RM4558 chips are alloy- 
mounted; RC4558 chips are glass-mounted. 


eae ae 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


JG (Alloy-Mounted Chip) 680 mW 8.4 mWPC 69°C 
JG (Glass-Mounted Chip) 680 mW — 6.6 mWwPC 47°C 


P 680mW 8.0 mWPC 65°C 
Also see Dissipation Derating Curves, Section 2, 
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TYPES RM4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCC+ = 15V, Vcc—=-—15V 


PARAMETER TEST CONDITIONST = eee ncesee , 
MIN TYP MAX | MIN TYP MAX 
25°C 
Vio Input offset voltage — Rs < 10k2 eullvange 
"o Input offset current _ ae 
Full range 
PR = 1002 | 










UNIT 


o 


a 
Oo 


3 


an 
Nn 
a 
rs 
< 
Z2ijs|i = 3 


500 
800 


| 
po] 


> 


2 25°C 40 500 
lip Input bias current Full range | 
Common-mode 
V 25°C +12 +1 
en input voltage range fg 2 


=10kQ 






: 25°C 
Maximum peak-to-peak 






Vopp 


RL = 
RL =2k2 | 25°C 
RL 22k | Full range 
Rs 
S 


output voltage swing 


NO 
© 


Large-signal differential 








AvD 


By. Unity-gain bandwidth a x 
ri__Inputresistonce ——SSSCidCC‘“‘*dI 


RL 22kQ, | 25°C 
voltage amplification Vo =+10V 
H 


N 


~l 
Oo 
ise) 
© 
wd 
Oo 
ide] 
© 


CMRR Common-mode rejection ratio <10kn | 25°C 
ksvs* Supply voltage sensitivity Re < 10k | 25°C 


Ayp = 100, 
Rg =1kQ, 
f =1 kHz, 
BW =1 Hz 


uV/V 















Equivalent input 


Vn noise voltage 25°C H 


(closed-loop) 









25°C 
MIN Ta 
MAX Ta 


25°C 75 170 75 


MIN Ta 90 200 90 §©200 mw 
MAXTa [| 60150 | 70__150 


— Channel separation [Opentoon | Rs= tke, Jase | 105 105 
anne! separation 
o/Vo2 mi [Avo=t00] t=10KH2 [asc [0505 


“ksvs = AVig/4Vcc 
TAI! characteristics are specified under open-loop Operation, unless otherwise noted. Full range for RM4558 is —55°C to 125°C and for 
RC4558 is O°C to 70°C. 


operating characteristics, VCC+ = 15 V, Vcec— =—15V,TA= 25°C 


RM4558 RC4558 
PARAMETER | TEST CONDITIONS UNIT 
MIN TYP MAX | MIN TYP MAX 


=... V;=10V, RL =2kQ, 
SR Slew rate at unity gain 1.5 Vius 
. C, = 100 pF 


schematic (each amplifier) | 








Supply current 
(Both amplifiers) 


No toad, 
No signal 


~J 

Oo 
a 
< 
ee 
z 


No load, 
No signal 


Total power dissipation 
(Both amplifiers) 


































Vec+ O 


NONINVERTING 
INPUT v 


INVERTING 
INPUT - 
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e a e ok p 
Equivalent input Noise Voltage. SE5534, SE5534A...JG SE5534, SE5534A 


3.5 nV/V Hz Typ NE5534, NES534A ... JG OR P U FLAT PACKAGE 
Unity-Gain Bandwidth ... 10 MHz Typ DUAL-IN-LINE PACKAGE (TOP VIEW) 
ane (TOP VIEW) 
Common-Mode Rejection Ratio... 
100 dB Typ 
e High DC Voltage Gain... 100 V/mV Typ “GAL Voce PUT COMP 


e Peak-to-Peak Output Voltage Swing. . 
32 V Typ with Vcc+ = +18 V and 
Ri = 6002 


High Slew Rate... 13 V/us Typ 





@ 
e Wide Supply Voltage Range...+3 Vto+20V 
e Low Harmonic Distortion 
e Designed to be Interchangeable with Signetics ee INV BONS Vee 
SE5534, SE5534A, NE5534, and NE5534A ree 
description . “NC — No connection 


The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers combining 
excellent de and ac characteristics. Some of the features include very low noise, high output drive capability, high 
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 4 


These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of 
the frequency response for various applications can be obtained by use of an external compensation capacitor between 
pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, and offset-voltage nulling 
capability. 


The SE5534A and NE5534A have guaranteed maximums on equivalent input noise voltage. 


The SE5534 and SE5534<A are characterized for operation over the full military temperature range of —55°C to 125°C; 
the NE5534 and NE5534<A are characterized for operation from 0°C to 70°C. 






schematic 
BALANCE COMPENSATION/BALANCE COMPENSATION 
: 018) 016) 
Vec+ 
NONINVERTING (2! 
PUT 
INVEATING 

152 
OOUTPUT 
(6) 

182 


(4) 
All component values shown are nominal. 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1) ..... neaeibns' Ss Geils & detaches ech, eee ERS Geese hace Guera tena tk aca eon, - LOOM 

Uppy Voltage, VGC= (see NOte 1). 3S e Se aap ears cet ae Ow eee oe so ek Wed ea wn Se eS —22V 

Input voltage either input (see Notes TRG) or dicy ore 6.5. ue hae ai wo ce eee ee Vcct 

Input current (see Note 3) 0... ec ee eee ec ee een e nee n ee ee eee e ec eeeaee +10 mA 

Duration of output short-circuit (see Note 4) ............ BSSS, chitin treed Wide ash dee Set Rae weer eG . unlimited 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5): 

| SE5534, SE5534A in JG package 2... 0. eee ee eee eer 1050 mw 

NE5534, NE5534A in JG package 2... ee ee ee ee es 825 mW 

'PaCkaGe.. ge Geer B oticcao yie na Baw ace era Saw oe eek ee Re See 1000 mW 

WW PaCKage:: yas an aoe ea ee ea ee eee Wis fea sowe ave. 675 MW 

operating free-air temperature range: SE5534,SE5534A 2... ce ee ee ees —55°C to 125 C 

NE5534,NES534A oo ce ee eee 0°C to 70°C 

Storage temperature range... 1... ee eee eee e eee eee ne ereeeeeeeee —65°C to 150°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package ............. Recicaneee 300°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage .........-0ceecueccees 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc and Voc_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 

3. Excessive current will flow if a differential input voltage in excess of approximately oO. 6 V is applied between the inputs 
untess some limiting resistance is used. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply weltades must be limited to 
ensure the maximum dissipation rating is not exceeded. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table, ‘i the JG package, SE5534 and SE5534A 
chips are alloy-mounted; NE5534 and NE5534A chips are glass-mounted. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR TA 


PACKAGE 


JG (Alloy-Mounted Chip) 1050mW 8.4mW/°C © 
JG (Glass-Mounted Chip) 825mW 6.6 mW/C 
P - 1000mwWw 8.0mW/PCc 
U 675mW = 5.4mWPC 





Also see Dissipation Derating Curves, Section 2. 
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LOW-NOISE OPERATIONAL AMPLIFIERS 


NE5534, NE5534A ‘nie 
MIN TYP MAX 





electrical characteristics, Vcc+= +15 V, Ta = 25°C (unless otherwise noted) 


PARAMETER 
Ta =25C 
Vio Input offset voltage 
Ta = full range 
Ta =25°C 
lo Input offset current 
TA = full range 
iB 










SE5534, SE5534A 
MIN TYP MAX 
0.5 







TEST CONDITIONST 





No 





10 2 


© N 
oO Oo 
oO oO] w 


0 
0 






Ta =25°C 400 50 1500 


+12 +13 +12 +13 


Maximum peak-to-peak Vee. =+15V 24 26 24 26 
Vopp Z Rz_ = 600 2 V 
output voltage swing Vcc: = +18 V 30 = 32 30 = 332 
signal differential [RL >600, | Ta=2ec | 80100 | 25 100 
Large-signal differentia L A=2 VimV 
Vo =#10V 


Input bias current 


















AvD Nida = 
voltage amplification Ta = full range i ee Fe es 
Small-signal differential FA 1 aa NT es EM 

Avd Ee f = 10 kHz c V/mV 
voltage amplification 






Vo =t10V, Cc=0 


Vo=#10V,  Cc=22pF ee ee 


V =+18V Vo=t 
CCe= FIOM s. -VOm até 70 70 
Ri = 6002, Cc = 22 pF 
By Unity-gain bandwidth Cc =22 pF, Ci = 100 pF 
| sInputresistance =| 


Gussurs d Avp = 30dB, Ry = 600 &, 
Zz u eaanc 
0 esas Co=22pF, f= 10 kHz 


CMRR Comm-mode rejection ratio 


k Supply voltage rejection 
SVR ratio (AVcc+/AViC) 
log __Outputshort-cireuit current [CCS 


TaA=25°C 
lec Supply current No load 
Ta = full range 


TFull range for T, is —55°C to 125°C for SE5534 and SE5534A; and O°C to 70°C for NE5534 and NE5534A. 


Maximum-output-swing 
bandwidth 

























operating characteristics, Vcc+ = +15 V, TA = 25°C 


SE5534, NE5534 
PARAMETER TEST CONDITIONS Spat NESE: 
, MIN TYP MAX 


W rate at UNI I $ 
R,_ =600 2, 


Overshoot factor C. = 100 pF 
tr Rise time Vv, =50 mV, 
R_ =600 2, Cc =47 pF, 


f = 30 Hz 
Vn Equivalent input noise voltage fo-1 ke nVi/Hz 


=30 He ee ee ea 



























I Equivalent input noise current 
n q i f=1 kHz 
F Average noise figure Rg =5 ko, f = 10 Hz to 20 kHz 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
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Normalized Input Bias Current and Input Offset Current 


Normalized Slew Rate and Unity-Gain Bandwidth 


Vn—Equivalent input Noise Voltage—nV//Hz 


TYPICAL CHARACTERISTICS" 


NORMALIZED INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 





" -75 -50 -25 0 25 S50 75 


—_ 
. 
] 


-_ 
= 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


100 125 
Ta—Free-Air Temperature— C 


FIGURE 1 


NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 
vs 
FREE-AIR TEMPERATURE 


Normalized Slew Rate and Unity-Gain Bandwidth 


-50 -25 Q 25 50 75 
Ta—Free-Air Temperature— C 


FIGURE 4 


EQUIVALENT INPUT NOISE VOLTAGE 





vs 
FREQUENCY 


In—Equivalent Input Noise Current—pAA/Hz 


100 k 


f--F ao cis 


FIGURE 7 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


eM esa 


Hil a 
CI EAI TIN Ni 
EN 
EN 
SUIT A I 


10 10k 100 k 
ne Frequency—Hz 





















FIGURE 2 


NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 
VS 
SUPPLY VOLTAGE 





Nec+l-Supply Voltage—V 


FIGURE 5 


EQUIVALENT INPUT NOISE CURRENT 
vs 
FREQUENCY 


CES ee GR EO 0 ot ET ee oe A} —t+—F4 
GEees GE bh 
+ Vcct = ae 


Sanam 

5 MIT Ta = 25°C 
Nim 

ti Tt 

WM ETI 


iN ‘a 


PSH SE5534, NE5534 fhe 
ott wees ieee iti Hip nnd + 
Pt 


at a il | 


10 10 k 



















AN 


NO 





° 
“wom 





o 
> 





f—Frequency—Hz 


FIGURE 8 


100 k 


Ayp-—Differentia! Voltage Amplification 


THD—Total Harmonic Distortion—% 


Total Equivalent Input Noise Voltage—pV 





LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
106 
109 
104 
103 
102 
10 
1 
10 100 1k 10k 100k 1M 10M 100M 
f—Frequency—Hz 
FIGURE 3 
TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 
0.01 
0.007 


soe LOTT 
CUTIE EMAL At 





0.001 
100 400 ik 4k 10k 40k 100k 
f—Frequency—Hz 
FIGURE 6 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
VS 
SOURCE RESISTANCE 


100 7 
70 ; 
40 veo! = = 215 Vv Sitio esttiteeest Ht 
SRDS NII | tt Att 
20 Heit 
vi ae 








1k 


100 k 


10k 


Rs—Source Resistance—22 


FIGURE 9 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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INTEGRATED 
CIRCUITS 





e Very Low Power Consumption e Low Input Offset Voltage 


e Typical Power Dissipation with +2-V e Internal Frequency Compensation 
Supplies... 170 u.W 


e Latch-Up-Free Operation 
e Low Input Bias and Offset Currents 


e Popular Dual Op Amp Pin-Out 
e Output Short-Circuit Protection 


description 


The TLO22 is a dual low-power operational amplifier designed to replace higher-power devices in many applications 
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise 
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a 
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up, 
high slew rate, and output short-circuit protection assure ease of use. 


The TLO22M is characterized for operation over the full military temperature range of —55°C to 125°C; the TLO22C 
is characterized for operation from 0°C to 70°C. 
terminal assignments 
JG OR P DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) . (TOP VIEW) 


AMPLIFIER NO. 2 AMPLIFIER NO. 2 


OUT IN 


NON 
NON- 
OUT. INV INV nc Voce put INPUT INPUT 


Vec+ PUT INPUT INPUT 


OUT- INV NON- Vcec-— 
PUT INPUT INV 
INPUT 


AMPLIFIER NO. 1 
AMPLIFIER NO. 1 NC—No internal connection 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO22C UNIT 


es 
a Ca 
a ee 
| 800 
a 





TLO22M 






Supply voltage Voc+ (see Note 1) 

Supply voltage Vcc— (see Note 1) 
Differential input voltage (see Note 2) 

Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 


Vv 
. . . Each amplifier 

Continuous total dissipation at (or below) 25°C 

free-air temperature range (see Note 5) Total package 








. 
He 








wa 

Storage temperature range ee to 150 mC 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds 
fe eee ies ie 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 
NOTES: 


o 





° 











1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voitage must never exceed the magnitude of the supply voltage or 15 volts, whichever Is less. 

4. The output may be shorted to ground or either power supply. For the TLO22M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air termperature. 

5. For operation above 25 C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO22M chips are alloy- 
mounted; TLO22C chips are glass-mounted. 
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TYPES TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vcc— = —15 V 


TLO22M TLO22C ae 
MIN TYP MAX| MIN. TYP MAX 


PARAMETER | TEST CONDITIONSt 











































7 a SIRE T= a: 
Vv Input offset voltage Rg © 10 k2 [2c V 
o i : Full range a 
id : |Fullrange | 100 J 200 
: fare [0100 | 100250 | 
lig Input bias current 
Fullrange | —~S~SO]CSC~*~«O 
Common-mode , +12 +13 +412 413 
VICR Vv 
input voltage range +12 
Veco Maximum peak-to-peak | Ry =10k2 20 ~=«26 20 26 . 
OPP output voltoge swing A> 1040 
‘ Large-signa! differential Ry >= 10kQ,, 72 86 60 80 
se voltage amplification Vo=t10V [Fullrange | 7200 S| 
Bi Unity ssn bondwia Sc cS a 
25°C 60 72 60 72 
CMRR Common-mode rejection ratio Rs < 10 k2 Pee ae! 
rFuitrange [60 «do 
Supply voltage sensitivity } 30150 | 30200 
ksvs Rs < 10k VIV 
__tavio/avec eS [rome aa | 
; Supply current No load, 130 200 130 250 ‘ 
CC (Both amplifiers) Nosignat _[Funrange | ~~ 0 | Ss | 
Total dissipation No load, 3.9 7.5 
Pp ies ; mw 
(Both amplifiers) No signal Full range fi == ee 7.5 








TAM! characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO22M is —55°C to 125°C and for 
TLO22C is O'C to 70°C. 

operating characteristics, VCcc+ = 15 V, Vcc— = —-15 V, Ta = 25°C 

PARAMETER TESTCONDITIONS Uae a UNIT 

; MIN TYP MAX] MIN TYP MAX 


eo Retime —SOSC~C~C~“stC*dS DO, AL TOK CO | 
CL=100pF, See Figure 1 | io 








Oo 
o1] G 
x4 


ty 
V,=10V, Ry = 10 kQ, 
SR Slew rate at unity gain | L ; V/us 
Ci =100pF, See Figure 1 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
JG (Alloy-Mounted Chip) 680 mw 8.4 mw/PC 


PACKAGE 


JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 
P 680 mW 8.0 mW/PC 
U 675 mW 5.4mwW/C 





Also see Dissipation Derating Curves, Section 2. 
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TYPES TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 


TOTAL POWER DISSIPATED 
vs 












SUPPLY VOLTAGE 
10 EE GG ES EE) ee) Pe ee) Ee Ce 
ES ee ee 
eee De) Fae ES OE Ce 
ae Ries ee Gee Ce ee 
re a ed ee ee ee 
“ ee a a a 
OUTPUT 7 —> ane ee 
= Ce 
: rT EL 
2 
INPUT VOLTAGE Ct * 100 pF Ry = 10 kn 8 
WAVEFORM Oo ER Was; EE CU SS TT 
3 1 £ eS Pe) eee eae es Re 
= x) ae ee Ee es Be ee ee ee 
7 | 04 
TEST CIRCUIT OQ . 
Q 
0.2 
0.1 
0 2 4 6 8 10 12 14 16 18 20 4 
o 4 Vcct|-Supply Voltage—V 
FIGURE 1—RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE FIGURE 2 
schematic 
| OUTPUT 
a aa a a Sr neg a ee --—-—- 
. |. . BACH AMPLIFIER COMMON TOBOTH | 


AMPLIFIERS 


1 | 
Vec+ 
eee ¢ 1 a le 


AD ite _ 
INPUT 
NON- - 
INVERTING 
ok 7 


ala ARE SIE RT _{ foe f Vec— 


TO OTHER 
SECTION 
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LINEAR TYPES TLO44M, TLO44C 
INTEGRATED QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


CIRCUITS BULLETIN NO. DL-S 12039, SEPTEMBER 1973 — REVISED OCTOBER 1979 





e Very Low Power Consumption e Low Input Offset Voltage 


e Typical Power Dissipation with +2-V Internal Frequency Compensation 


Supplies... 340 uW 
e Low Input Bias and Offset Currents 


e Latch-Up-Free Operation 


e Power Applied in Pairs 
e Output Short-Circuit Protection 
JOR N DUAL-IN-LINE 


description OR W FLAT PACKAGE 
(TOP VIEW) 
The TLO44 is a quad low-power operational amplifier 
. . . * . N = 
designed to replace higher-power devices in many Gece: 00. AN NW “Wess: inv: INU: UR 


applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT PUT 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated 
circuits. Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. Power may be applied 
separately to Section A (amplifiers 1 and 4) or 
Section B (amplifiers 2 and 3) while the other pair 
remains unpowered. 





The TL.044M is characterized for operation over the pl ee NON Voc oN nee ove eee 
full military temperature range of —55°C to 125°C; pu BUR 

the TLO44C is characterized for operation from 0°C 

to 70°C. 


Pins 4 and 12 are internally connected together In the N package only, 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 













Supply voltage Voc+ (see Note 1) 


| 2 
Supply voltage Voc tae Note 1 BR = 
Differential input voltage (see Note 2) | 863000 | #80 | OV 
Input voltage (any input, see Notes 1 and 3) 



















Duration of output short-circuit (see Note 4) | unlimited | unlimited | 
Continuous total dissipation at (or below) 25°C Each amplifier | 500 { 500 | 


+30 
free-air temperature range (see Note 5) Total package 680 







Storage temperature range 


Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W Package | 300 | 300 | 2G 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package re ee 2C 





NOTES: 1. Ali voltage values, unless otherwise noted, are with respect to the midpoint between Vcoc+ and Vcoc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the TLO44M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TLO44M chips are alloy- 
mounted; TLO44C chips are glass-mounted. 
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TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vcc— = —15V 


TLosam | tLoaic—it| 
PARAMETER TEST CONDITIONS? | TLO4@M one UNIT 
MIN TYP MAX | MIN TYP MAX 
ee nea 

Input offset voltage Rs < 10 k2 

ee 

Input offset current ees (30 

00) 
{Input bias current nA 

Pt —[ a0 [a 


' Gommon-mode ma 213 : 
Maximum peak-to-peak (=toKe [26 | 20 26 «| «CS 
Vopp V 






















output voltage swing Aus Ok |Fullrenge | 20 «iY 20 
Large-signal differential 210k, jac] 72 60 80 
voltage amplification Seine [Fullrange [| 72 | OT 


Unity-gain bandwidth a 
peel 
CMRR Common-mode rejection ratio Rs < 10 k2 


Ss 


[Tos Shon-reuitoutputeurent «fd aaa” aaa 

it re | sa 
(Four amplifiers) | Wo signa Peas [a {oo 

(Four amplifiers) No signal Cie eee Te See Pk 


TAI! characteristics are specified under Ooper-loop operation, unless otherwise noted. Full range for TLO44M is —55°C to 125° and for 
TLO44C Is O°C to 70°C. 










Vn Equivalent input noise voltage 





operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


TLO44M TLO44C 
PARAMETER TEST CONDITIONS UNIT 
: MIN TYP MAX |MIN TYP MAX 


=10V, RL = 10kQ, 
Slew rate at unity gain ; V/us 
= = 100pF, See Figure 1 















DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 680mW = 11.0mW/°C 


PACKAGE 


J (Glass-Mounted Chip) 680 mW 8.2mW/C 
N 680 mw 9.2mwW/C 
W 680 mW 8.0 mW/C 





Also see Dissipation Derating Curves, Section 2, 
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TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS - 


TOTAL POWER DISSIPATED 
VS 
SUPPLY VOLTAGE 


INPUT VOLTAGE 
WAVEFORM 





Pp—Total Dissipation—mW 


TEST CIRCUIT 





0 2 4 6 8 10 12 14 16 18 20 


| Vcc+|-Supply Voltage—V 
FIGURE 1—RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE | FIGURE 2 


schematic (each section) 





TO OTHER 
AMPLIFIER 


=. a ee a ees Oe ee ee es es ee ee ee ee ee ee oe 
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LINEAR TYPES TLOGO, TLOGOA, TLOG1, TLOG1A, TLOG1B, 
INTEGRATED 


TLOG2, TLOGZA, TLOG2B, TLOG4, TLOG4A, TLOG4B 
CIRCUITS LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 12647, NOVEMBER 1978—REVISED OCTOBER 1979 









19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY 
TEMPERATURE RANGES 


e Very Low Power Consumption e High Input Impedance .. . JFET-Input 
e Typical Supply Current... 200 uA Stage 


e Wide Common-Mode and Differential e Internal Frequency Compensation 


Voltage Ranges e Latch-Up-Free Operation 
Low Input Bias and Offset Currents e High Slew Rate... 3.5 V/us Typ 
e Output Short-Circuit Protection 
description 


The JFET-input operational amplifiers of the TLO61 series are designed as low-power versions of the TLO81 series 
amplifiers, They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents. 
The TLO61 series features the same terminal assignments as the TLO71 and TLO81 series. Each of these JFET-input 


operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated 
circuit. 


Device types with an “M" suffix are characterized for operation over the full military temperature range of —55°C 


to 125°C, those with an “I” suffix are characterized for operation from —25°C to 85°C, and those with a “C” suffix 
are characterized for operation from O°C to 70°C. 


TLOGO, TLOGOA TLOG1, TLOG1A, TLO61B TLOG1 
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


OFFSET OFFSET 
OUT- NULL OUT. NULL 
come Vcc+ PUT (N2) nc) Voc+t PUT (N2) 


OFFSET INV NON- Voc . _ OFFSET INV NON: Voc_ areee in 
NULL/ INPUT INV NULL INPUT INV . NOLL. ROUT INV 
ang INPUT (N1} INPUT ' ah hohe 





TLOG2, TLO62A, TLO62B TLO62 | TLOG4...J,N, OR W PACKAGE 
JG OR P DUAL-IN-LINE U FLAT PACKAGE TLOG4A, TLO6G4B...J OR N PACKAGE 
PACKAGE (TOP VIEW) 7 (TOP VIEW) 


(TOP VIEW) 


INVERT- NONIN- NONIN: INVERT- 

Bee IN . age NON- ING VEATING VERTING ING 
: : NV INV OUTPUT INPUT INPUT Vcco INPUT INPUT OUTPUT 
Voc+ PUT tNPUT INPUT Voc+ PUT INPUT INPUT & = 


QO 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 


OUT: INV NON- Voc_ 
PUT INPUT INV 
INPUT 





OUTPUT INVERT: NONIN: Voce NONIN- INVERT- OUTPUT 
ING VERTING VERTING ING 
INPUT INPUT INPUT INPUT 


NC—No internal connection 
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TYPES TLOGO, TLOGOA, TLOG1, TLOGIA, TLOG1B, 
TLOG2, TLOG2A, TLOGZB, TLOG4, TLOG4A, TLOG4B 


LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





schematic (each amplifier) > Vers 





COMP O-= — 
OFFSET NULU/ 
TLO6O ONLY COMP IN) Ono 


OFFSET NULL (N2}O-—— 


} ) L 5 
OFFSET OFFSET OUTPUT Vcc_ 
NULL NULL 
(N1) (NZ) C1 10 pF ON TL061, TLO62, AND TLO64 ONLY 


COMPONENT VALUES SHOWN ARE NOMINAL 
TLOG1 ONLY 















absolute maximum ratings over operating free-air temperature range (unless other wise noted) 
TLOG_C 
TLOG_AC | UNIT 


TLOG_M TLOG_| 
TLO6_BC 


Supply voltage, Vec+ (see Note 1) Ee ee | ee 
Supply voitage, Vcc-. (see Note 1) | 18 6 | 6-18 | 8 
Differential input voltage (see Note 2) | +30 =| +30 | +30 | vi | 
Input voltage (see Notes 1 and 3) 
Duration of output short circuit (see Note 4) | Unlimited | Unlimited | Unlimited | | 
Continuous total dissipation at (or below) 

25°C free-air temperature (see Note 5) | Upackage = | 675 | fj | its 
[| Operating free-air temperaturerange 88 tO 125 | —25t08H | Oto70 | °C 
| Storage temperaturerange 85 t0 150 | -65t0 150 | -65t0 150] PC | 
|_Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG,U,orWpackage | 300 | 300 {| 300 | °C | 
[teed temperature 1/16 inch (1.8 mm) from ease for 1 seconds | NorPeckae |__| 260 | 260 |e _ 


NOTES: 





< 





< 











< 















1. All voltage values, except differential voltages, are with respect to the midpoint between Vccy and Vcc. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 

5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLOG_M chips are 
alloy-mounted; TLO6_!, TLOG6_C, TLO6._AC, and TLO6_8BC chips are glass-mounted. 

DISSIPATION DERATING TABLE 
PACKAGE POWER DERATING ABOVE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 680 mW 11.0 mW/C TLOGO TLOG1 TLOG2 TLO64 


J (Glass-Mounted Chip) 680 mW 8.2 mWPC TLOG_M JG 


TLO6_I JG,P 
TLO6_C JG,P 
TLO6B_AC JG,P 
TLO6_BC 


JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 


JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 


N 680 mW 9.2mWw/C 


P 680 mW 8.0mWPC 
U 675 mW 5.4 mw/C 
W 680 mW 8.0 mW/C 
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TYPES TLO60, TLOGOA, TLO61, TLOGIA, TLOG1B, 
TLOG2, TLOG2A, TLOG2B, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC+ = +15 V 





VIO 


a2vio 


110 


"WB 


VICR 


VOPP 


AvD 




















PARAMETER TEST CONDITIONST 


TLO6_M TLO6_1I 


UNIT 
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 
‘60, '61, '62 23, 3) 38 





3 | 18 
'60A, ‘61A, '62A, '64A RE RSS SE A 
CeCe 7 a | (a een oe) 
= ‘61, "62 ee ee 
OR ‘61A, '62A, '64A ——— 4——% 


‘61B, '62B, ‘64B 
of input offset voltage 
60,61, 62,64 | 5 100] ~-*8 100] ~—~8 200 
Ta = 25°C ‘60A,‘61A,'62A,'64A| | tst—<‘<—tsiYCSC‘(StCS 100} op 
‘61B, '62B, ‘'64B 


f tt 
Input offset curren 60, '61, 62, 64 a) 
Ta = full range |'60A,'61A,'62A,'64A| 
‘61B, '62B, '64B fe ete ea 


'60, '61, ‘62, '64 30 200 30 200 30 400 
Ta = 25°C '60A, '61A, '62A, '64A Po a 30 200] pA 
‘61B, ‘628, ‘648 ee ae ll 30 200 


‘60, ‘61, ‘62, ‘64 fee SO 20 


‘61B, E28, "648 


. 60, '61, ‘62, '64 +11 412 £11.5 +12 +10 +11 
Common-mode input : 
Tan2s°c  [60A,"61A, 6A, 64a] Cd 
voltage range 
18,628,648 | SC~iCOSC“‘~‘“~*éd TS 
Maximum peak-to-peak [Ta= 25°C, RL=10k2 | 20 27. ~+| 20. 27 20. 27 . 
output voltage swing [Ta = full range, Ry > 10 kX aS eee Ee 
RL 210k,  |'60, “61, ’62, '64 ee ee Oe ee eee 
Large-signal differential |T, = 25°C BIB, ‘62B, Te eae ee ee ee ee he 
voltage amplification /R_> 10k, ['60, 61,6264 | 4 | 4 | 3 |” 
Vo=#10V, |'60A,'61A,'62A, 64a] | Ta 
Ta = full range ['61B, ‘628, ‘648 a ft 


Input offset voltage 


Rs = 502, 
Ta = full range 


5 
> 


—_ 
Oo 


input bias current? 


Unity- a) bandwidth ae sick C, R_ = 10kQ 


CMRR 


KSVR 





GOA, GIA, 62A, G4A cena eae AT 80 ss 
'61B, ‘62B, '64B |__| __/_s0_86._ 


Common-mode rejection [Rg < 10 kQ, 

‘60, ‘61, 62, 64 

Supply voltage rejection |Rs < 10 kQ, 

ratio (A Versi Vin) [T, =28°C [oGALISTA, '62A, ‘64a eae ae 
eae 618, 628, 648 — 


~ 
~ 


p Total power dissipation |No load, No signal, 
e (each amplifier) Ta = 25°C oles 
Supply current No load, No signal 
| ; 2 
ce (each amplifier) Ta = 25°C of ee 


Vo1/Vo2 Channel separation |Avp=100, Ta = 25°C 


TAI! characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ta is —55°C to 125°C for TLO6_M; —25°C 
to 85°C for TLO6_1; and O°C to 70°C for TLOG_C, TLO6_AC, and TLO6_BC. 

E£input bias currents of a FET-input operational amplifier are norma! junction reverse currents, which are temperature sensitive. Pulse 
techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible, 
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TYPES TLOGO, TLOGOA, TLOG1, TLOGIA, TLOGIB, 
TLOG2, TLO62A, TLOG2ZB, TLOG4, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





operating characteristics, Vcc+ = +15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


V,=10V, Rp =10k2, 
SR Slew rate at unity gain L 


CL=100pF, See Figure 1 
tr Rise time V, = 20 mV, 


RL =10k2, 
C,; = 100pF, See Figure 1 


Vn Equivalent input noise voltage | Rs = 100 2 f= 1 kHz 


Overshoot factor 





10kQ 


vi 





for TLO60 — 
and TLO60A 





FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 


FIGURE 3—FEED-FORWARD. 
INVERTING AMPLIFIER 


COMPENSATION. 





INPUT OFFSET VOLTAGE NULL CIRCUITS. 





TLO6O 


"For best results use R = 20 MQ for 
Vec+ = £15 V toR =5 MQ for 
Vcec+ = #3 V. 


FIGURE 4 


FIGURE 5 
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TYPES TLO60, TLOGOA, TLOG1, TLOGIA, TLOGIB, 


TLO62, TLOG2A, TLOG2B, TLO64, TLO64A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 





MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-:TO-PEAK OUTPUT VOLTAGE 
vs vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE LOAD RESISTANCE 


RL = 10kQ 
Ta = 25°C 
See Figure 2 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
a 
Vopp—Maximum Peak-to-Peak Output Voltage—V 


Vopp—Maximum Peak-to-Peak Output Voltage~—V 





Vect = £15 V 
5 {RL = 10k2 
See Figure 2 
0 0 
0 2 4 6 8 10 12 14 16 -75 -§0 -25 0 25 50 75 100 125 100 200 400 700 1k 2k 4k 7k10k 
Nec+- Supply Voltage—V Ta—Free-Air Temperature—C RL —Load Resistance~Q 
FIGURE 6 FIGURE 7 FIGURE 8 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


MAXIMUM PEAK- TO- PEAK OUTPUT MOETAGE ’ DIFFERENTIAL VOLTAGE AME EIEICATION and PHASE SHIFT 
vs v5 vs 
FREQUENCY FREE-AIR TEMPERATURE FREQUENCY 





_ 
oS 


Voce = 15 V ae ee ee ee 
Ri = 10k2 na 





Vect = £15 V 
Rext = 0 








‘> 
7 € 
> 
3 1 E 
3 E E 
2 z A 
s 20 = E 
o E 4 < 
3 : : 
a 5 3 : 
= } = 
: L 2 3 s 
fa] 
€ 10 = S DIFFERENTIAL £ 
om ellll ct : 5 PLIFICATI 
% 5 E | In a ) AMPLIFICATION 
= | Voce = #2 V | = | Voce = #2 V | Vv - a (left scale} 
l b > 
< 
‘ aiiiiimatiiiimec 3, 
> 1k 10 k 100 k 1M 10M -75 -50 -25 0 25 50 75 100 125 1 10 100 1k 10k 100k 1M 10M 
f—Frequency—Hz Ta—Free-Air Temperature—C f—Frequency—Hz 
FIGURE 9 FIGURE 10 FIGURE 11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER ; TOTAL POWER DISSIPATED 
vs vs vs 
SUPPLY VOLTAGE ERE AIM TEMPERATURE FREE-AIR TEMPERATURE 
| Vect=t15V 
NA a ae No Signal 
o Signa No Load z 
< 
< i 
s 5 a 
é é : 
A z : 
o 
i : : 
fe) 
3 fs) ° 
= fa) 
a 
0 
-75 -50 -25 0 25 50 75 100 125 IR Oe aby 00: 28 SO: gS 300! 128 
. ° 
a een eae TAoFreeAir Teripeiatune2C Ta—FreeAir Temperature— C 
FIGURE 12 FIGURE 13 FIGURE 14 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF 
compensation capacitor is used with TLO60 and TLO60A. 
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TYPES TLO60, TLOGOA, TLOG1, TLOGIA, TLOG1B, 
TLOG2, TLOG2A, TLOG2B, TLO64, TLOG4A, TLOG4B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS! 


ALL EXCEPT TLOG_C NORMALIZED UNITY-GAIN BANDWIDTH, 
COMMON-MODE REJECTION RATIO SLEW RATE, and PHASE SHIFT Leal arte 
ys vs 
FREE-AIR TEMPERATURE TEMPERATURE FREE-AIR TEMPERATURE 


Vect = £15 V 
Ry = 10 k& 







“A, RATE 
(left scale) 


Normalized Phase Shift 
tiB—tnput Bias Current—nA 


Vect = £18 V 
Ri = 10k2 
f = By for Phase Shift 









CMRR—Common-Mode Rejection Ratio—dB 





Normalized Unity-Gain Bandwidth and Siew Rate 





81 0.7 0.97 
~75 -60 -25 0 25 50 75 100 125 -75 -50 -25 0 25 8S0 75 100 125 


—-50 -—25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C 


Ta-Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 15 FIGURE 16 FIGURE 17 
. OUTPUT VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
VOLTAGE-FOLLOWER vs v$ 
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME FREQUENCY 






58 8 


ocala 


ose i 
es aunt 





















CL = 100 pF 
Ta = 25°C 


ree A CTE CIT 
Seth Tas 25" CTC UEC 


0 2 4 6 8 10 0 O02 04 06 08 1 1.2 1.4 "10 40 100 400 1k 4k 10k 40k100k 
t-Time—ps t-Time—ps f—Frequency—Hz 


10 


E | yer, 2 
STEER] oe NTO itl 
: £ = 70 
: 2 org. eel bis ig Bah tt mai 
So os 3 aie NT 
a‘) TTT a gee ieee 
2 2 6 8 = 90 a ai PAN PA 
a eas a ik ee 0a 

Leu] 

| 

c 

> 


FIGURE 18 FIGURE 19 . FIGURE 20 
TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF 
compensation capacitor is used with TLO60 and TLO60A. 


TYPICAL APPLICATION DATA 


10 ka, 10 ko 
0.1% 0.1% 
INPUT Lipton 


Vcect 
e 


Veoz 


§ O OUTPUT 
Vec+ 


: : e 
O 10 kQ 
100 ka - 0.1% . 
100 2 
O = 
Vcc— 


FIGURE 21—INSTRUMENTATION AMPLIFIER 
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TYPES TLO60, TLO6G0A, TLOG6G1, TLOGIA, TLOGIB, 
TLOG2, TLOG2A, TLOG2B, TLOG4, TLOG4A, TLO64B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL APPLICATION DATA 
0.5-Hz SQUARE-WAVE OSCILLATOR 


RF = 100 k2 







@ 


R1= R2= 2R3 = 1.5 MQ 
C3 
a ae 110 pF 


1 
0” 2n RICH : 





FIGURE 22—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23—HIGH-OQ NOTCH FILTER 


e 
1MQ . 
O OUTPUT A 
INPUT o— 
| O Vcc OOUTPUT B 
J 


ns : OOUTPUT C 








FIGURE 25—LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26—AC AMPLIFIER 
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LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL APPLICATION DATA 


10kQ 100k 1k2 


0.1 uF 


be 47 kn 






0.003 nF 0.001nF 







270 2 





+ 


Vecs = 215 V 


hee obs 30 ari 


Voltage Amplification—dB 


I} Th ie 
IE 
2 ie 
20 40 701002004007001 k 2k 4k7k10k20k 
f—Frequency—Hz 





FIGURE 28—INSTRUMENTATION AMPLIFIER FIGURE 29 
220 kQ 


10 k82 





MIN 
100 kn 
BASS 

100 2 Mt MAX 
e 
: 0.03 pF OUTPUT 
INPUT 
10 kf} 0.003 uF A 
Vec- 
+ 
68 kQ2 





FIGURE 30—IC PREAMPLIFIER 
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INTEGRATED | ADJUSTABLE LOW-POWER 
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BULLETIN NO. DL-S 12667, FEBRUARY 1979—REVISED OCTOBER 1979 






5 DEVICES COVER COMMERCIAL, 
INDUSTRIAL, AND MILITARY 
TEMPERATURE RANGES 


TLO66, TLOGGA, TLOGG6B 

e Very Low, Adjustable (’’Programmable’’) | on Seay 
Power Consumption 

e Adjustable Supply Current...5 to 200uA OFFSET 


PWR OUT- NULL 


i Vv N2 
e Very Low Input Bias and Offset Currents CONT Vcc+ PUT IN2) 


e Wide Supply Range... +1.2 V to+18 V 


e Wide Common-Mode and Differential 
Voltage Ranges 


e Output Short-Circuit Protection 


@ High Input Impedance... JFET-Input 
Stage 


e Typ Unity-Gain Bandwidth... 1 MHz 
(100 kHz at 25 pW) 


e High Slew Rate... 3.5 V/us Typ 


e Internal Frequency Compensation 


OFFSET INV. NON- Voc— 
INPUT INV 
COMP 


INPUT 





(N1) 





e Latch-Up-Free Operation 
description 


The TLO66, TLO66A, and TLO66B are JFET-input operational amplifiers simitar to the TLOG1 with the additional 
feature of being power-adjustable. They feature very low input offset and bias currents, high input impedance, wide 
bandwidth, and high slew rate. The power-control feature permits the amplifiers to be adjusted to require as little 
as 25 microwatts of power. This type of amplifier, which provides for changing several! characteristics by varying 
one external element, is sometimes referred to as being ‘‘programmable”. The JFET input stage combined with the 
adjustable-low-power feature results in superior bandwidth and slew rate performance compared to low-power 
bipolar-input devices. 


The TLOG6I is characterized for operation from —25°C to 85°C, and the TLO66C, TLOG6AC, and TLOG6BC are 
characterized for operation from O°C to 70°C. | 
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TYPES TLOGGI, TLOG6C, TLOGGAC, TLOG6BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





schematic Voce 












NON- INVERTING 
INPUT 


INVERTING 
INPUT 


lcc~ os loci 
2.85 + Rext 0) 


where Rey¢ is in kf 
and Iecig) * lec with Rg,, = 0 


r) POWER 
CONTROL 
Roxt 
O Vec- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
TLOGEC 


TLOG6I 
TLOG66BC 


TLO66AC UNIT 
Input voltage (see Notes 1 and 3) +15 


+3 

Voltage between power-control terminal and Vcc_ 

Duration of output short circuit (see Note 4) 
68 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) | 680 


+30 
Unlimi 
| 680 | 680 
—25 to 85 
300 


tJ 
OFFSET OFFSET OUTPUT 
NULL NULL 
(N1) (N2) COMPONENT VALUES SHOWN ARE NOMINAL 






















Supply voltage, Vcc+ (see Note 1) 


Cae 
Supply voltage, Vcc— (see Note 1) | 18 | 
| #30 
ee 


Differential input voltage (see Note 2) 0 














‘ : fs} 8 b<lef<fef 


mW 





° 


0 

65 10 150] ~65 to 190 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG Package | 300 | 300 | 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 


NOTES: 







. Al! voltage values, except differential voltages, are with respect to the midpoint between Vecc+ and Vec_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 

For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the TLOG66I, TLO66C, 
TLO66AC, and TLOG66BC chips are glass-mounted. 


PWN = 


o 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 


PACKAGE 
RATING FACTOR TA 


JG (Glass-Mounted Chip) 680 mW 6.6 mwW/C 47°C 
P 680 mW 8.0mW/PC 65°C 





Also see Dissipation Derating Curves, Section 2. 
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ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 





electrical characteristics, Vcc+ = +15 V 




























TLOGEC - 
PARAMETER TEST CONDITIONST TEPEer Lapras UNIT 
TLOG6BC 
MIN MIN MAX 







Temperature coefficient 


a Rs =500, Ta = full range 
vid of input offset voltage s A 2 







VIO Input offset voltage 
Rs =502, 
Ta = full range 








TLOG6 

TLOG6A 

TLO66B 

TLOG66 

TLO6B6A 

TLO66B 

TLO66 

TLOG6A 

TLO66B 

TLO66 

TLOG6A 

TLO66B 

TLOG66 
TLO66A 
TLO66B 
Te 25°C, Ri = 10k2 


SEPT OE 
RL>ioKe, | Tloes =| 4 6 =| 3 6 
Vo=tiOv, j TLOBGA | CT CC 
Te 2G | TOGO eB 
RL>1oK, [thoes =| 4 =| 3 | 
Vo=#10v, | tThoesa | CT CC 
Ta = full range TLO66S 

Ta = 25°C, L=10k2 

Ta = 25°C 

Ta = 25°C, f= 1 kHz 


TLO66 
TLO66A 
TLO66B 


TLO66 
Rs < 10 ka, 
TLO66A 


Ta = 25°C 
A TLO66B 


No joad, No signal, 
Total power dissipation 'g mW 
= 25°C 
' Sinciy anon A load, No signal, - 
r 


TAI characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ta is -25°C to85°C for TLOG6! and O°C 
to 70°C for TLO6G6C, TLOG6AC, and TLOG66BC, The electrical parameters are measured with the power-control terminal (pin 8) connected 
to Vcc—. 


Ta =25°C 


ho Input offset current? 


Ta = full range 


Ta = 25°C 









lip Input bias currentt 





TA = full range 


nN 
Oo 


+ 
— 
N 


Common-mode input 








VICR Ta= 25°C 


voltage range 


v 


+12 






Maximum peak-to-peak 


output voltage swing 

















Large-signal differential 


A 
VD voltage amplification 















Common-mode rejection | Rg < 10 kQ, 


CMRR : 
Ta = 25°C 


ratio 


Supply voltage rejection 
ratio (A Vocs/4 Vio): 





KSVR 















Finput bias currents of a FET-iInput operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse 
techniques must be used that wil! maintain the junction temperature as close to the ambient temperature as is possible. 
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operating characteristics, VcC+ = +15 V, Ta = 25°C, Rext = 0 









Vi=10V, Ry, = 10kQ, 
SR Slew rate at unity gain L ; V/s 
; 7 = 100 pF, See Figure 1 
[ie Bie tine = 20 mv, = 10K 
C= 100 pF, See Figure 1 aaa. area exostr 


Equivalent input noise voltage Rg = =1002, f=1kHz a ee ae 





~ PARAMETER MEASUREMENT INFORMATION 


10 k2 





FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER 





INPUT OFFSET VOLTAGE NULL CIRCUIT 





Vcc— 


FIGURE 3 
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INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


0 SS————SS=—=FSSQj___CEB 





Ta—Free-Air Temperature—C 


FIGURE 4 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





0 
-75 -50 -25 0 
Ta—Free-Air Temperature—°C 


25 SO 75 100 125 


FIGURE 7 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
EXTERNAL-CONTROL RESISTANCE 


SE EL 










E NUIT 
BAU UT TN 
Oe ee 
BI LN 
wees TTT UML NE 
BI AN 











RL = 10k2 
) \TA = 25°C 


Avp—Dif ferential Voltage Amplification—V/mV 
& 


Rext--External-Control Resistance—2Q 


FIGURE 10 


Ca | 


Avp-—Differential Voltage Amplification—V/mV 


10 100 lk 10k 100 k 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





ect +Supply Voltage—V 


FIGURE 5 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


meet #i15V 
=0 
Rext 
TA= 25°C 
See Figure 2 


Vopp—Max imum Peak-to-Peak Output Voltage—V 





{00 200 


400 700 1k 2k 
R_—Load Resistance~—Q 


4k 7k10k 


FIGURE 8 


DIFFERENTIAL Meee AMPLIFICATION 


FREE-AIR TEMPERATURE 





1 
—-76 -50 -25 0 25 §0 75 100 125 


Ta—Free-Air Temperature—"C 


FIGURE 11 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
EXTERNAL-CONTROL RESISTANCE 


RL = 10k {i 


Billi ASCH 


A ira SUT I 
HE 1 


NIN 
: ME 
WA aM rl 


1 10 100 1k 10k 100 k 


Rext—External-Control Resistance—2Q 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


FIGURE 6 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 











Rext = 0 


Eee 
RL = 10k2 
TA= 25°C 


2 || Eat A reat 
wi REA 

vA 
anit Ma 


25 













20}— 


15 










Vopp—Maximum Peak-to-Peak Output Voltage—V 


Teta SL | Ih 
0 Bama 
1k 10 k 100 k 1M 10M 


f—Frequency—Hz 
FIGURE 9 


LARGE SIGNAL 
OIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 


FREQUENCY 


oH 


Vecs * 215 V 


- 
102 
DIFFERENTIAL 
VOLTAGE 
10 AMPLIFICATION 


(left scale} 


Avp-—Differential Voltage Amplification 





1 10 100 tk 10k 100k 1M 10M 
f—Frequency—Hz 


FIGURE 12 


Tt Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TYPES TLOGG6I, TLOG6C, TLOGGAC, TLOG6BC 
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TYPICAL CHARACTERISTICST 


SUPPLY CURRENT SUPPLY CURRENT SUPPLY praia 
VS vs 
SUPPLY VOLTAGE EXTERNAL-CONTROL RESISTANCE FREE-AIR TEMPERATURE 


TT 


ae 


250 













200 




























































< st 
4 
D 4 1004 ¢ 
5 150 Be rT S 
rs) s) “E 3 
~ 
: ra multi mi ih . a 
100 a oe ai aL LAM Fe} 
+ 4 h 
Q fs Ta = 25°C fe Voce = £15 V. 
~ 60 ~ —_ 40}-+ See Figure 1} Ni = Rext=0 
7 Et No signal ies eettiiemaret ewess, © No Signal 
= or cL EA t 
No load Prin 
0 4 oiiiti cet tt 
1 10 100 Tk 10k 100 k ~75 -50 -25 0 25 50 75 100 125 
Nccz'-Supply Voltage—V Rext—External-Control Resistance—Q Ta—Free-Air Temperature—"C 
FIGURE 13 FIGURE 14 FIGURE 15 
ALL EXCEPT TLO66C ALL EXCEPT TLO66C 
TOTAL POWER DISSIPATION COMMON-MODE ia ee RATIO COMMON-MODE REJECTION RATIO 
VS vs 
= ERIE: CONTROL RESISTANCE EXTERNAL- CONTROL RESISTANCE FREE-AIR TEMPERATURE 
87 
S oo Vect* 15 V 
sii Seti on 4 ii Rext=O 
a = 86 + 3 
et tifa ‘iL c Hilo] ss 
: : in E 
% 1000 fitesastiteseettimenstien ssi 3 85 th * 
“ ec w 
< + main, Sait =p sui 
D poo tt eet one HIS Sauna NG S ga A 
$ Conic citi omic hs till s 8 
3 
é NE : i 
S 100 Fae SN E 83 E 
e Ta = 25°C HH Hh 8 Vecs = £15 V E 
1 40 FE No signal ia ati om AL 10k 8 
a |} m 82 y 
- No load cc = 
= 
Oo = 
3 a TL ‘ Bie 
1 100 1k 10k 100k 1 10 100 1k 10k 100 k -75§ -50 -25 0 25 50 75 100 125 
per ea -Contro} Resistance—Q Rext— External-Contro! Resistance—2 Ta—Free-Air Temperature—"C 
FIGURE 16 FIGURE 17 FIGURE 18 
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
vs vs 
FREQUENCY SOURCE RESISTANCE 


- 
ND 
oO 






















\ Voce = #15 V I py 
\ Rs = 1002 all 
oe Ta = 28°C 4 (11 a 81 
etiam! Bi 
5 kM 
XS HE ETT AON cromeniatl 
fii 





60 






Nicainiiaiil 


ill 
UT 










40 


Hills tt 
: mn A a 
CUI UE HI IM 
















Vn—Equivalent Input Noise Voltage—nV//Hz 
Vy—Equivalent Input Noise Voltage—pV 


See ED 
+ 
heel ee 
as 
Sap) 





0 
10 40 100 4001k 4k 10k 40k 100k 10 40 100 400 1k «4k 10k «40k 100k 
f—-Frequency—Hz . Rs—Source Resistance-2Q 
FIGURE 19 FIGURE 20 


T Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices, 
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TYPICAL CHARACTERISTICSt 


NORMALIZED UNITY-GAIN BANDWIDTH, 



























UNITY GAIN BANDWIDTH sew! HIE SLEW RATE, and PHASE SHIFT 
vs vs 
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE e TEMPERATURE 
4 2 
UU UTIL TE Vecs = £15 V e 
; “tt | At AT A AL = 100 5 
z= 2 CL = 100 pF o 
ae | i serait ff § 
= wy Fj ~ & 
. 1h a Ht = it See Figure 1 FS é 
3 aay Hh ‘hia Ht f 3 3 
c 2 c 
3 0.7 EE tise etic z Hie a 3 a a 
s 3 5 s 
cer mS! Tt Fe Mi | 9 E 
2 C1 “| st f ru 3 asa § 
? TN ° : 
oe fl 2 
mo ¥ 5 0.98 
E 
- cl ll Lit cae oa 
“4 10 100 00 k 10 1k he Bi k -75 -50 -25 O 25 50 75 100 128. 
Rext— External-Control praia bog -Control Resistance—2 Ta—Free-Air Temperature—°C 
FIGURE 21 FIGURE 22 FIGURE 23 
OUTPUT VOLTAGE 
VOLTAGE-FOLLOWER vs 
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME 
i r 
oh I 
8 = 
3 8 
= 3 
=] Q 
2 8 
ne} 
& Vect = +15 V \ 
3 Rext = 0 . 
iS RL = 10k2 
0 2 4 6 8 10 0 02 04 06 O8 14 #12 14 
t—-Time—ps t—Time—ys 
FIGURE 24 FIGURE 25 
TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices, 
TYPICAL APPLICATION DATA 
O) 
INPUT 
A 
INPUT 
B © 
FIGURE 26—INSTRUMENTATION AMPLIFIER 
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TYPES TLOGGI, TLOGGC, TLOGGAC, TLOGGBC 
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TYPICAL APPLICATION DATA 


10k2 100k 1TkQ 


0.1 uF 


47k 






0.003 uF 0.001 nF 





270 82 


0.1 uF 


= eee OT 

Ng 

FMC ise. tHe 

SST Aa 
Teste 
AL nec SEN 
AT NT 
Cre 

be TT th 


apnaass LPI Lhe 


20 40 100 200400 1k 2k 4k 10k 20k 


Voltage Amplification—dB 





f—Frequency—Hz 


FIGURE 28—AC AMPLIFIER | FIGURE 29 


220 kQ 





0,00375 uF 


10k 





MIN 
100 kn . 
BASS 
100 2 MAX 
.) 
O 0.03 pF Rexp OUTPUT 
INPUT C= 
10ka 0.003 uF ¢ 
Vec— 
+ 
100 2 47 ka 68 kQ 
BALANCE ie 47 uF 


aor 50 pF 
+ 


FIGURE 30—-IC PREAMPLIFIER 
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20 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 






e Low Noise... Vn = 18 nV//Hz Typ e High Input Impedance... JFET-Input 
e Low Harmonic Distortion . .. 0.01% Typ Stage 
e Wide Common-Mode and Differential e Internal Frequency Compensation 
Voltage Ranges e Low Power Consumption 
e Low Input Bias and Offset Currents e Latch-Up-Free Operation 
e Output Short-Circuit Protection e High Slew Rate... 13 V/us Typ 
description 


The JFET-input operational amplifiers of the TLO71 series are designed as low-noise versions of the TLO81 series 
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make 
the TLO71 series ideally suited as amplifiers for high-fidelity and audio preamplifier applications. Each amplifier 
features JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single 
monolithic chip. 


Device types with an “M” suffix are characterized for operation over the full military temperature range of —55°C 
to 125°C, those with an “I” suffix are characterized for operation from —25°C to 85°C, and those with aC” suffix 
are characterized for operation from O°C to 70°C. 





TLO70, TLO70A TLO71, TLO71A, TLO71B TLO72, TLO72A, TLO72B 
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 


OFFSET OFFSET NON. 
OUT. NULL OUT NULL OUT. INV INV 
COMP Vcc+ PUT {N2) NC VccC+ PUT (NZ) Vece PUT INPUT INPUT 


OFFSET INV NON. Voce OFFSET INV NON Vcc OUT. INV NON. Vec- 
NULL/ INPUT INV NULL INPUT INV PUT INPUT INV 
O U iN1y INPUT INPUT 





TLO074, TLO74A, TLO74B TLO75 
JOR N DUAL-IN-LINE N DUAL-IN-LINE 
OR W PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 


INVERT- NONIN- NONIN- INVERT- 
ING VERTING VERTING ING INV NON-INV OUT- OUT. NON.INY INV 
OUTPUT INPUT INPUT Vcc— INPUT INPUT OUTPUT INPUT INPUT PUT Voce PuT INPUT (tNPUT 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


AMPLIFIER 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 
AMPLIFIER 


: : : : INV ov 
OUTPUT INVERT- NONIN- Vcc» NONIN- INVERT- OUTPUT INV NON-INV OUT. OUT. NON.INV ce 
ING VERTING VERTING ING INPUT INPUT PUT = PUT INPUT INPUT 


INPUT INPUT INPUT INPUT 
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TYPES TLO70, TLO7OA, TLO71, TLO7IA, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 





schematic (each amplifier) Vecs © 


NONINVERTING 
INPUT 


INVERTING 
INPUT 


TLO70 ONLY OFFSET NULL (N2} O—— 





Vec~ 
OO 
OFFSET OFFSET 
ira ars C1 = 18 pF ON TLO71, TLO72, TLO74, AND TLO75 ONLY. 


COMPONENT VALUES SHOWN ARE NOMINAL 


TLO71 ONLY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO7_C 
TLO7_AC | UNIT 


Supply voltage, Vec4+ (see Note 1) 


Input voltage (see Notes 1 and 3) 
Duration of output short circuit (see Note 4) 
Continuous total dissipation at (or below) 


V 
Supply voltage, Vcc (see Note 1) Vv 
Differential input voltage (see Note 2) Vv 
| Inputvoltage (seeNotestand3) 
m 
Cc 


ie] 


Operating free-air temperature range |—25 to 85 | 0 to 70 


W 
Lead temperature 1/16 inch (1.6 mm) from case for 60 seconds {_ J, JG or W package | 300 | °c | 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package ee a ee ee ee 


NOTES: 


680 680 680 
25°C free-air temperature (see Note 5) jm | 





All voltage values, except differential voltages, are with respect to the midpoint between Voc; and Vcc_. 

Differential voltages are at the noninverting input terminal with respect to the Inverting input terminal. 

The magnitude of the Input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever Is less. 

The output may be shorted to ground or to elther supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating Is not exceeded, 

5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO7_.M chips are 
alloy-mounted; TLO7_1, TLO7_C, TLO7_AC, and TLO7_BC chips are glass-mounted. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 


ati aie ear 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 
TLO7O =TLO741 0 =6TLOZ2 = «=6TLO74~ =TLO75 
TLO7_M JG, JG, 
TLO7_I JG,P JG,P 


PACKAGE 


RATING FACTOR Ta 
J (Alloy-Mounted Chip) 680 mW 11.0 mwW/°C 


J (Glass-Mounted Chip) 680 mw 8.2 mw/°C TLOT_C JG,P  JG.P 


TLO7_AC JG,P JG,P 
TLO7_BC i JG,P 


JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 
JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 


680 mw 9.2mW/C z 
680 mW 8.0 mw?c These combinations are not defined by this data sheet. 


. 680 mw 8.0 mW/°C 


Also see Dissipation Derating Curves, Section 2. 
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TYPES TLO70, TLO7OA, TLO71, TLO71A, TLO71B, 
TLO72, TLO7Z2A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vc¢c+ =+15V 




















TLO7_C 
PARAMETER TEST CONDITIONSt TLO7_M TLO7_I TLO7_AC 
TLO7_BC 


2 
4 
< 
~v 
= 
P 4 
= 
2 
<j 
< 
w| VU 
Ss 
> 
o| x 
= 
P= 
= 
< 
wt Vv 
S 
u=|> 
o| x 


Ze 71, '72, ‘754 
aa '71A, '72A, '74A 
'71B,'72B, '74B 
'70,'71, '72, ‘754 


is) 
o 
wo 
—_ 
Oo 














VIO Input offset voltage 


3 
< 


~) 
aS 


Rs = 502, 
Ta = full range|’70A,‘'71A,‘72A,'74A 


'71B, '72B, '74B 


~ 
- 


Temperature coefficient R 502 + full 
a = ; = full range 
VIO of input offset voitage S gs 


uVPC 
‘70, '71, '72, ‘74, 754 
TA= 25°C "T0A,'71A,'72A, '74A 
'71B,'72B, '74B 
'70,'71,'72,'74, ‘754 
Ta = full range}’70A,'71A, '72A,'74A 
‘71B, '72B, '74B 


. 
. 
. 
. 


ze] 
> 


ho Input offset current 8 


c= 
N > 
a) oO] 


> 


n 


we 

(os) KO |G 
3 il aera (ee 
ONIN Ql ow) wolw lo 


‘10, '71, '72, '74, ‘754 30 200 30 200 
TA= 25°C "10A,'71A,'72A, '74A 30 200) pA 
. '71B, '72B, '74B 30 200 
Input bias current8 





‘70, 71, '72,'74, '754 2; 2 iT 
Ta = full range |'70A, '71A, '72A, ‘74A ae 2. 
‘71B, '72B, '74B ————__h 
'70,'71,'72,'74,'75¢ | #11 £12 £11 £12 
Ta =28°C = _['70A, '71A, '72A, '74A 
'71B, '72B, '74B 
ESE oT a ad 

| 


L 210k 
Ta = full range 
TE ko 


‘70, ‘71, '72,'74, ‘75% | 35 200 25 200 
'70A,'71A, '72A, '74A 50 200 
‘71B, '72B, '74B 50 200 

V/mV 
RL2>2k2,  |’70,'71, ‘72, '74, ‘754 


Vo =210V, |'70A,'71A,'72A,'74A 


Ta = full range |’71B, ‘72B, ‘74B 
pel felt bandwidth ae 2a C, R_=10k2 
“i 


'70,'71,'72, ‘74, ‘754 
‘70A,'71A,'72A,'74A 


Common-mode input 
voltage range 


Ne) 
aay 
N 
~J 


Maximum peak-to-peak 








output voltage swing 


N 
© 







Large-signal differential 





A 
VD voltage amplification 












Common-mode rejection| Rg < 10 k&, 


CMRR P 
Ta =25 C 


oO 
OQ 





Oo 


oO 
Oo 
oO 
wt 
oO 


00 
So 





Supply voltage rejection |Rg < 10 k&, 
TA= 25°C 


ioe) 
© 


co 
Oo 


Supply current 


_ 
ht 
NS 
ol 





Ta =25°C 


—= 
NO 
Oo 


‘'71B,‘'72B, '74B 
‘70,'71,'72,'74,'75+ | 80 
"I0A,'71A,'72A, '74A a 
' No load, No signal, 
ha (per amplifier) Ta = 25°C 
Vo1/Vo2 Channel separation Avp = 100, ae 
to 85 C for TLO7_1; and OC to 70 C for TLO7__ C, TLO7_AC, and TLO7_BC. 
Types TLO75I and TLO75M are not defined by this data sheet. 
Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in 


'71B, ‘728, '74B 
TAN characteristics are specified under open-loop conditions unless otherwise noted, Full range for T, is —55°C to 125°C for TLO7_M; —25°C 
Figure 18, Pulse techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 


TEXAS INSTRUMENTS 133 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


134 


TYPES TLO70, TLO7OA, TLO71, TLO71A, TLO7I1B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 


LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 





operating characteristics, VCC+ = +15 V, Ta = 25°C 


TLO7_M ALL OTHERS 
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT 
V,=10V Re =2kQ, 
R S| te at unit gai ; 10 13 13 Vi/us 
CL = 100 pF, See Figure 1 ps | ve 
t Rise time Vj =20 mv, RL=2 ka, a 
Overshoot factor CL = 100 pF, See Figure 1 a ae 
Equivalent input noise f= 1 kHz a 
Vv Rs = 100 2 
Equivalent input noise preci 
current 
THD Total harmonic VO(rms) = 10 V, Rs <1k2, 
distortion Re 2=2kQ, f= 1 kHz 


PARAMETER MEASUREMENT INFORMATION 

















100 kQ 





10 kQ 
1k2 
vi 
v| 
Ry CL= 
= T 100 pF 
for TLO70 a ot 
and TLO70A tL ~ ~ 
FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER FIGURE 3—FEED-FORWARD 


COMPENSATION 





INPUT OFFSET VOLTAGE NULL CIRCUITS 


Vec+ 
1MQ 





1.5 k& 


Vec- 


FIGURE 4 FIGURE5 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


—_— Sd ——, _ aa 


TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICStT 





MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs ° 
FREQUENCY : FREQUENCY eREQUENGY 
30 




















fall Mifvecs ew 
TTI 


SME TAL 
Heel 
a an 
TTT Ne 


R_=10k2 
Ta =25°C 
See Figure i) 


Vect = 215 V 
RL =2kQ 
See Figure 2 








25 25 






















20 


Sil ; 
7 ete 
Lswsre| (NII Lil 
CUI LU 


15 


Vopp—Ma ximum Peak-to-Peak Output Voltage—V 


10 10 






lll voce =+5V 


hea 


5 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 





il | N , SHIN UT 
0 ll TIT il NM 0 0 LEI NSHINGE 
10 1M a 100 1k 10k 100 k. car 10M 10k 40k 100k 400k 1M 4M 10M 
f—Frequency—Hz {—Frequency—Hz f—Frequency—Hz 
FIGURE 6 FIGURE 7 FIGURE 8 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE 


Rie a kQ 
Ta = 25°C 










Att 
LAL | UT 


-75 -50 -25 0 25 50 75 100 125 0.1 0.2 04 07 1 7 10 


Voc+t = +15 V 
See Figure 2 





Vo pp—Maximum Peak-to-Peak Output Voltage—V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


0 
0 2 #4 6 8 10 12 14 16 





Ta—Free-Air Temperature— C R_—Load Resistance—kQ IVec+!—Supply Valtage—V 
FIGURE 9 FIGURE 10 FIGURE 11 
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT 
vs vs VS 
FREE-AIR TEMPERATURE FREE-AtR TEMPERATURE SUPPLY VOLTAGE 
Vect = +15 V ; Vec+ =t15 V 
No signal No signal 
rd 
< < 
I é ne 
z i E 
3 5 ae i § 
2 5 | = 
3 : Se] Og 
: cde). 4 
3 a g 
a “” 3 
ne 7 
. 8 (ies eal 8 
is < 
- les it 
eee 
-75 -50 -25 0 25 50 75 100 125 —75 -55 -25 0O 25 50 75 100 125 0 2 4 6 8 10 12 14 16 
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—C IVcc+l-Supply Voltage—V 
FIGURE 12 FIGURE 13 FIGURE 14 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 18-pF 
compensation capacitor is used with TLO70 and TLO7OA. 
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TYPES TLO70, TLO7OA, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 





LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


TLO7O 





vs and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION 
FREE-AIR TEMPERATURE vs vs 
2 1000 FREQUENCY FREQUENCY WITH FEED-FORWARD COMPENSATION 
> 700 _— : Voce ae to £15 V Vec= t15V 
oO = = 
§ ‘400 Ene a e oe a: § C2=3 pF 
3 200 | 2 A> 8 Ta=25C 
3 a rt = See Figure 3 
g 0 § DIFFERENTIAL | 5 
be ——= 2 VOLTAGE ¢ = 
by 40 en Gee ee = AMPLIFICATION 7. 6 & 
s 20 a es = (left scale) 45 2 3 
Ges 7 
s c fe = 
————— : 90 E 
7 J ra o 
= BE eee —_ = 
a 4 -—— a PHASE SHIFT 35° Pa 
fa) i ! 135 \ 
a 2 Be : (right scale) a 
Z led : E 
1 180° 
-75 -60 -25 0 25 50 75 100 125 1 10 100 tk 10k 100k 1M 10M 100 1k 10k 100 k 1M 10M 
Ta—Free-Air Temperature—°C f—Frequency—Hz f—Frequency—Hz 
FIGURE 15 FIGURE 16 FIGURE 17 
NORMALIZED UNITY-GAIN BANDWIDTH 
INPUT BIAS CURRENT and PHASE SHIFT NORMALIZED SLEW RATE 
vs We vs 
FREE-AIR TEMPERATURE TEMPERATURE TEMPERATURE 
100 
UNITY-GAIN-BANDWIDTH 
££ 
=] (left scale) 
(ee a Li E : 
] 3 = @ 
5 3 a ¢ 
: s 3 s 
3 3 a a 
“ | ees cee GE Oe MES, : a) a) 
a £ £ 
a = E OE 
£& e °o ce) 
& 0.1L 5 z z 
= See E Vect = £15 V 
Ss RL=2k2 





f = B1 for Phase Shift 





001 aaa 


-50 -25 0 25 75 “75 -50 -25 0 25 50 75 


Ta—Free-Air Temperature—"C 


0.7 
—75 -50 -25 9 25 50 75 100 125 


Ta—Free-Air Temperature—C 


FIGURE 18 


ALL EXCEPT TLO7-C 


COMMON-MODE REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


Ta—Fres Air Temperature—"C 


FIGURE 19 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


FIGURE 20 


TOTAL HARMONIC DISTORTION 
VS 


FREQUENCY 
ETT 
= THES = 


50 







Vec+t = t15V 
Ry =10kQ 





Vect = +15 V 
Avp = 10 

Rs = 1002 
Ta = 25°C 









Vect = +15 V 
Avp=1 
VI(RMS) = 


° 
ms 


wa 
SEM 
NC 
HN A 


40 









hod 





30 








0.04 








20 








Vn—Equivalent input Noise Voltage—nV/\/Hz 
THp—Total Harmonic Distortion—% 





CMRR-—Common-Mode Rejection Ratio—dB 








10 0.004 ita a 
LI ri il imate 
soo’ CLL 
~75 -50 -25 0 25 SO 75 100 125 10 40 100 400 1k 4k10k 40k100k 100 400 tk 4k 10k 40k 100k 


Ta—Free-Air Temperature—C f—Frequency—Hz 


FIGURE 21 


f—Frequency—Hz 


FIGURE 22 FIGURE 23 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 18-pF 
compensation capacitor is used with TLO70 and TLO7OA, 
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TYPES TLO70, TLO7OA, TLO71, TLO71A, TLO71B, 
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 





OUTPUT VOLTAGE 
vs 
VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME 


Input and Output Voltages—V 
Vo—Output Voltage—mV 





raf ee 
RL =2k2 
Gao 


6 05 4 156 2 25 3 3.5 0 O14 02 03 04 O05 06 0.7 
t—Time—ps t—Time—us 
FIGURE 24 FIGURE 25 





TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 18-pF 


compensation capacitor is used with TLO70 and TLO70A., 


TYPICAL APPLICATION DATA 


0.5-Hz SQUARE-WAVE OSCILLATOR 


Re = 100 kQ 





INPUT OUTPUT 






R1 = R2=2R3=1.5MQ 
C3 
C1 Teer 110 pF 





= 1kHz 


1 
fo=———— 
On or RIC 


FIGURE 26--0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27—HIGH-O NOTCH FILTER 
rc 
o> O OUTPUT A 


1MQ 
O 0 Vcc— 
Tur e 
INPUT o— 
O Vcc-— OOUTPUT B 
100 ko 100 ka 
OVcc— 


100 k2 


OVcc+ 
@ 
100 uF 100 kQ Vos 
| OOUTPUT C 


tor TLO75 OVcc— 


FIGURE 28—AUDIO DISTRIBUTION AMPLIFIER 
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TYPES TLO70, TLOZOA, TLO71, TLO71A, TLO71B, 
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LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


6 sin wt 
oo” 1N4148 18 kQ (See Note A) 
0-15V 





F 
ep 1k] 


OVcc+ 


88.4 ka ‘ 


6 cos wt 
@ 


88.4 k2 
18 pF 


1N4148 18 kQ (See Note A) 





Note A: These resistor values may be adjusted for a symmetrical output, 


FIGURE 29—100-KHz QUADRATURE OSCILLATOR 


IC PREAMPLIFIER RESPONSE CHARACTERISTICS 


25 
ne UI [Twa 


Vec+ = +15 V TREBLE 
is TA=25°C 
res Figure 30 








Tit teat [| < fe 
rH ATH it 
A HN 
bale HH RT 
THLE Lsgeaie 


"50 40 100 200400 1k 2k 4k 10k 20k 
t—Frequency~—Hz 








Voltage Amplification—dB 
° 












FIGURE 30—AC AMPLIFIER FIGURE 31 


220 k2 





0,00375 uF 


10k 





MIN 
100 kQ O 
BASS 
100 82 MAX 
‘ O 
0 0.03 pF OUTPUT 
INPUT . 
10kQ 0.003 x F 4 A 
Vec— 
saline ig 1002 A7 kQ 68 ka 
, 47 pF 10 pF 


75 uF 
Fi 50 pF 


FIGURE 32—1C PREAMPLIFIER 
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TYPES TLO80 THRU TLO85, TLO8OA THRU TLO84A, 


TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979 


24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 
e Low Power Consumption 


LINEAR 
INTEGRATED 
CIRCUITS 







© High Input Impedance... JFET-Input 


@ Wide Common-Mode and Differential Stage 
Voltage Ranges e Internal Frequency Compensation (Except 
e Low Input Bias and Offset Currents TLO80, TLO80A) 
e Output Short-Circuit Protection e Latch-Up-Free Operation 
@ High Slew Rate... 13 V/us Typ 
description 


The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched 
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low 


input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external 
compensation options are available within the TLO81 Family. 


Device types with an “‘M” suffix are characterized for operation over the full military temperature range of —55°C to 


125°C, those with an “I” suffix are characterized for operation from —25°C to 85°C, and those with a ‘‘C’’ suffix are 
characterized for operation from 0°C to 70°C. 


TLO8O, TLO80A 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


TLO81, TLO81A, TLO81B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


TLO82, TLO82A, TLO82B 
JG OR P OUAL-IN-LINE 
PACKAGE (TOP VIEW) 





OFFSET OFFSET - NON. 
OUT NULL OUT NULL OUT. INV INV 
COMP VcCc+ PUT (N2} NC Vcce PUT (N2} Vcc+ PUT INPUT INPUT 


OFFSET INV. NON Vcc— OFFSET INV. NON Voce OUT. INV NON. VCC- 
NULL/ INPUT INV NULL INPUT INV PUT INPUT INV 
iNTy INPUT INPUT 





TLO84, TLO84A, TLO84B 
TLO83, TLO83A 


JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


OFFSET OFFSET 


NULL 
Vec+ OUTPUT NC OUTPUT Vec+ ig 


AMPLIFIER NO, 1 pe AMPLIFIER NO. 2 


(ER ay [EB U4] Ls] Le] (Ea 
ING VERTING NULL NULL VERTING ING 
(INPUT INPUT = 1N2 2N2) INPUT INPUT 


PINS 8 AND 13 ARE INTERNALLY INTERCONNECTED 








NC—No internal connection 


JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE 
(TOP VIEW) 

INVERT- NONIN- NONIN- INVERT- 


ING VERTING VERTING ING 
OUTPUT INPUT INPUT Vcc— INPUT INPUT OUTPUT 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 
OUTPUT INVERT- NONIN- Voce Gerri: INVERT- OUTPUT 


VEATING NG ING 
INPUT INPUT VINPUT INPUT 


TLO85 
N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


INVERT- NONIN- NONIN- t(NVERT- 
ING VERTING OUT- OUT. VERTING ING 
INPUT INPUT PUT Vec+ PUT INPUT ral 


cS cal 


oor AMPLIFIER 
NO. 3 


AMPLIFIER 
AMPLIFIER 
NO. 1 NO. 2 


INVERT- NONIN- OUT- OUT. NONIN- INVERT- Vec- 
ING VEATING PUT PUT VEATING ING 
INPUT INPUT INPUT INPUT 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TLO80 THRU TLO85, TLO80A THRU TLO84A, 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 





schematic (each amplifier) 


Vec+ 


NONINVERTING 
INPUT | 


INVERTING 
INPUT 


OFFSET NULL/COMP (N1) 
TLO80 ONLY OFFSET NULL (N2} 


COMP 





Vec- 
OFFSET OFFSET 


NULL NULL 


(N1) (N2) C1 = 18 pF ON TLO81, TLO82, TLO83, TLO84, AND TLO85 ONLY. 


COMPONENT VALUES SHOWN ARE NOMINAL 
TLO81 AND TLO83 ONLY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO8_C 
TLO8_M TLO8_I TLO8_AC 


Supply voltage, Voc (see Note 1) 


Supply voltage, Vcc_ (see Note 1) | 18 | 18 
Differential input voltage (see Note 2) +3 
0 


Input voltage (see Notes 1 and 3) +15 +15 


0 
55 to 125 —25 to 85 
—65 to 150 | —65to 150 | —65 to 150) 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, or W package 300 3 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 


NOTES: 


+3 0 
680 
3 00 





1. All voltage values, except differential voltages, are with respect to the midpoint between Voc+ and Voc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that 
the dissipation rating is not exceeded. 

5, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. in the J and JG packages, TLO8_M chips 
are alloy-mounted; TLO8_I, TLO8_C, TLO8_AC, and TLO8_BC chips are glass-mounted. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR 


J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 
J (Glass-Mounted Chip) 680 mW 8.2 mW/C 


PACKAGE 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 


TLO8O TLO81 TLO82 TLO83 TLO84 TLO85 
JG JG 
















TLO8_M 








JG (Alloy-Mounted Chip) 680 mW 8.4mWSC 


JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C TLO8_1 JG, P JG,P JG,P J,N J,N 7 
680 mW 9.2mW/°C TLO8_C JG,P JG, P JG,P J,N J,N N 
680 mW 8.0mWPC TLO8_AC JG,P JG,P JG,P , J,N * 
680 mW 8.0mW/C TLO8_BC * JG,P JG,P * J,N 





Also see Dissipation Derating Curves, Section 2, *These combinations are not defined by this data sheet. 
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TYPES TLO80 THRU TLO85, TLO80A THRU TLO84A, 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TLO8_C 


TLO8_M TLO8_! 
TLO8_BC 
M 


MIN TYP MAX IN TYP MAX |MIN TYP MAX 
*80,'81 ‘82,'83,'85 3 
TLO8 
TLO8_A 

LO8 





electrical characteristics, VcC+ = +15 V 














PARAMETER TEST CONDITIONSt 













4 
'81B,'82B,'84B 
‘80,'81,'82,'83,'85+ 

4 







VIO Input offset voltage 


[TLos4 


TLO8_A 


‘81B,'82B,'84B 





Temperature coefficient 


ViPC 
of input offset voltage . 


av10 





TLOB_t 5 
Ta = 25°C TLO8_A 
'81B,'82B,'84B 


TLO8_ + 
Ta = full range | TLO8_A 


‘81B,‘82B,‘84B 


TC 








Input offset current § 


= 


a3 x) 


[¢e) 
Oo No] Go 
™~“]rolny 
wie wlololuwla 


TLO8_+ 30 200 30 200 30 400 
Ta = 25°C TLO8_A 200 







WI] to 
NO 
Oo [o>} Fo>) 










—_ 
NO oO 
oO oO 0) 


























‘81B,'82B ‘84B 
TLOs_¢ i (sts—C‘LC C808 
‘81B,‘82B,'84B 
Supply current No load, No signal, 
cc (per amplifier) Ta = 25°C 


Vo1/Vo2 Channel separation Avp = 100, 


T All characteristics are specified under open-loop conditions unless otherwise noted, Full range for Ta is —55°C to 125°C for TLO8_M; 
—25°C to 85°C for TLO8_1I; and O°C to 70°C for TLO8_C, TLO8_AC, and TLO8_BC. 

t Types TLO85!I and TLO85M are not defined by this data sheet. 

§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in 





2 ‘81B,'82B,'84B 30 200 
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Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TYPES TLO80 THRU TLO85, TLO80A THRU TLO84A, 
TLO81B, TLO82B, TLO84B 


JFET-INPUT OPERATIONAL AMPLIFIERS 





operating characteristics, Vcc+ = +15 V, TA = 25°C 


TLO8_M ALL OTHERS 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX | MIN MAX 
8 1: 


; : Vi, =10V, Ri =2k2Q, 
SR Slew rate at unity gain 3 13 Vins 
C, = 100pF, See Figure 1 


ty Rise time V;=20 mV, Ry =2kQ, 


Overshoot factor C, = 100pF, See Figure 1 


Vn Equivalent input noise voltage Rs = 1002, f= 1 kHz a ee ee nV/,/Hz 





10 kQ 





for TLO80 
and TLO80A 


FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER 





INPUT OFFSET VOLTAGE NULL CIRCUITS 


100 kQ 








TLOSO b Vcc = 
FIGURE 3 FEED-FORWARD COMPENSATION 
FIGURE 4 FIGURE 5 
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TYPES TLO80 THRU TLO85, TLO80A THRU TLO84A, 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 





MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


an AA 
CU CTT 
oe TTL tn 
TTT KH 
a ai TUT THING 


0 
100 Tk 10k 100 k 


f—Frequency—Hz 





Vopp—Maximum Peak-to-Peak Output Voltage—V 
a 


“10M 


FIGURE 6 


MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


-7§ -50 -25 O 25 50 76 100 125 


Ta—Free-Air Temperature—C 


FIGURE 9 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


UHM TUM FET 
CETTE FETE TTT 
CIE EEL AE LAT 
TIME TEMA UT 
LITE LTA | TTI 

















Ayp—Differential Voltage Amplification—V/mV 
nN 2 NO 





1 
—75 -60 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature—C 


FIGURE 12 


TYPICAL CHARACTERISTICST 


MAXIMUM PEAK-TO-PEAK OUTPUT-VOLTAGE 
vs 
FREQUENCY 


FEN TT kT 
Uivcce sev {THIL |Ih 


ll Voce = +5 v1 


se Se re 


CTC 
= 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


100 1k 10k 100 k 1 "i “410 M 
f—Frequency—Hz 


FIGURE 7 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
LOAD TT 











TW canal 
i imma 
ACLINE | L 
7 Teen 
LI | EAI 


0.1 O02 O4 0.7 1 7 10 
R_—Load Resistance—k22 


15 


10 





Vopp—Maximum Peak-to-Peak Output Voltage—V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 


FIGURE 10 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 


FREQUENCY 


DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 


(left scale) 


Phase Shift 


PHASE SHIFT 
(right scale) 


Ayp-— Differential Voltage Amplification 





Avyp-—Differentia} Voltage Amplification 


1 10 100 tk 10k 100k 1M 10M 


f—Frequency —Hz 


FIGURE 13 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 










Be aa 
CELIA UNNI 1 AE 


: NIN UT 
aL SIN 
10k 40k 100k 400k 1M 4M 10M 


f—Frequency~—Hz 


FIGURE8 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE 


RL=10k2 
Ta = 25°C 





0 
0 2 4 6 8 10 12 14 16 


IVcc+l—Supply Voltage—V 


FIGURE 11 


TLO8O, TLO80A 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 


FREQUENCY WITH FEED-FORWARD COMPENSATION 


Vcoc=tt6V 
C2=3 pF 
Ta = 25°C 
See Figure 3 





100 k 1M 10M 


100 1k 10k 
f—Frequency—Hz 


FIGURE 14 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 12-pF 
compensation capacitor is used with TLO80 and TLO80A. 
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TYPES TLO80 THRU TLO85, TLO8O0A THRU TLOS84A, 
TLOSIB, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 





TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT 
vs VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Vect = t15V 
No signal 


Pp—Tota! Power Dissipated—mW 
tcc+—Supply Current—mA 
Ic¢c+—Supply Current—mA 





0 
0 2 4 6 8 10 12 14 16 





Ta—Free-Air Temperature—'C Ta—Free-Air Temperature— C IVcc+l—Supply Voltage—V 
FIGURE 15 FIGURE 16 FIGURE 17 
INPUT BIAS CURRENT ee eer 
bia VOLTAGE-FOLLOWER ELAPSED TINE 
FREE-AIR TEMPERATURE LARGE-SIGNAL PULSE RESPONSE 
6 
7 
< Ff > 
i g F 
: $ : 
3 a $ 
3 3 : 
5 2 5 
a & ro) 
£ 5 | 
ca & 2 
————— Voce = 415 V 
SaaS NRE aC Rp =2k2 
cemrenee Eo EE 
6 05 1°15 2 25 3 35 0 01 02 03 04 O05 06 0.7 
t—Time—pus ; 
Ta—Free-Air Temperature—C : Hu t—Time—ps 
FIGURE 18 FIGURE 19 FIGURE 20 
ALL EXCEPT TLO8_C 
COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION 
vs VS vs 
FREE-AIR TEMPERATURE FREQUENCY FREQUENCY 






1 —— SST SEE Eee EE SSE EES ae 


Voct =t15 V 
AvD=1 

VI(RMS) = 
TA=25°C 


70 







60 0.4 











; cri 
os CAI Ti 


i eee 


ee 


40 





0.04 Pt Ht — tt aan 
oth iio 
Tt 







30 






20 








THD—Total Harmonic Distortion—% 





Vn—Equivalent Input Noise Voltage—nV/\/Hz 


CMRR-Common-Mode Rejection Ratio—dB 





10 0.004 + =Tit 
UT VEU UII EUR Seite 
0 0.001 matt amatiitiamnii 
Ope aay oe ete ae ew en 10 40 100 400 1k 4k 10k 40k 100k OO en ae a OR ao AGO 
Ta—Free-Air Temperature— C f—Frequency—Hz f—-Frequency—Hz 
FIGURE 21 FIGURE 22 FIGURE 23 


TData at high and tow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 12-pF 
compensation capacitor is used with TLO80 and TLOSOA. 
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TYPES TLO80 THRU TLO85, TLO80A THRU TLO84A, 


TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL APPLICATION DATA 
0.5-Hz SQUARE-WAVE OSCILLATOR 


Re = 100 k2 





OUTPUT 







INPUT ‘OUTPUT 


R1=R2=2R3=1.5MQ 





C3 
C1 = C2 == = 110 pF 


1 


i 
0 On RI C1 


= 1kHz 


FIGURE 24—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 25—HIGH-O NOTCH FILTER 


1MQ 


i 


TLogat O OUTPUT A 


TLos4t O OUTPUT B 
+ 





( 





Oo Vcc— 
OVcc+ 


100 pF 100 kn 
| TLOs4t OOUTPUT C 


= + 


; 


OVcc— 
Tt or TLO85 
‘. FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER 








6 sin wt 1N4148 18 kQ2 {See Note A) 
@ 
O -—-i5V 
18 pF 
je 1k2 
OVicct+ 
88.4 k2 
6 cos wt 
e 
88.4 kQ 
18 pF 
1N4148 18 kQ (See Note A) 
Note A: These resistor values may be adjusted for a symmetrical output. 
FIGURE 27—100-kHz QUADRATURE OSCILLATOR 
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TYPES TLO8O THRU TLO85, TLO8O0A THRU TLOS4A, 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL APPLICATION DATA 


18 kn 16 kQ 







O 
OUTPUT 
B 


t or TLO85 OUTPUT A OUTPUT B 








2 kHz/div. 2 kHz/div 
SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER 
fg = 100 kHz, Q = 30, GAIN = 4 fg = 100 kHz, O = 69, GAIN = 16 


FIGURE 28—POSITIVE-FEEDBACK BANDPASS FILTER 


220 kQ 





0,00375 uF 





10 k2 





MIN 

100 kQ 

BASS 

100 2 MAX 

TLO80O 2 
. 0.03 nF ; Rext OUTPUT 
INPUT 
10kQ 0.003 » F i 
Vec-— 
+ 
100 2 47kQ 68 k32 
BALANCE 47 uF 10 pF 


75 pF 
R 50 pF 


— 


FIGURE 29-—IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 


TYPES TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 








CIRCUITS BULLETIN NO. DL-S 12642, MARCH 1979 — REVISED OCTOBER 1979 
e Low Input Offset Voltage .. . 0.5 mV Max EEOG7 TUOGS TLO8s 
JG OR P DUAL-IN-LINE U FLAT PACKAGE 
e Low Power Consumption PACKAGE (TOP VIEW) (TOP VIEW) 
. . . OFFSET OFFSET 
@ Wide Common-Mode and Differential 0 ce ne Vece bur way 
Voltage Ranges 7 @ © 
e Low Input Bias and Offset Currents 
e Output Short-Circuit Protection 
e High Input Impedance... JFET-Input 
Stage — 
e Internal Frequency Compensation OFFSET INV NON: Voo_ OFFSET INV NON. Voc 
NULL INPUT INV NULL INPUT INV 
. (Nt} INPUT {(N1) INPUT 
e Latch-Up-Free Operation 
. TL287, TL288 TL288 
e High Slew Rate...13 V/us Typ JG OR P DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) 














NON- 
OUT- {NV INV 
nc = Vec+— PUT) sO INPUT INPUT 





OUT- INV INV. 
Vec+ PUT INPUT INPUT 











description 


These JFET-input operational amplifiers incorporate 
well-matched high-voltage JFET and bipolar transis- 
tors in a monolithic integrated circuit. They feature 
low input offset voltage, high slew rate, low input 
bias and offset current, and low temperature co- 
efficient of input offset voltage. Offset-voltage 
adjustment is provided for the TLO87 and TLO88. 






QUT- INV NON- GND 
PUT INPUT INV 
INPUT 





NC—No interna] connection 


Device types with an “M” suffix are characterized for operation over the full military temperature range of —55°C 
to 125°C, those with an “‘I'’ suffix are characterized for operation from —25°C to 85°C, and those with a “C” suffix 
are characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO87I TLO87C 
TLO88M 
TL288M 


TLO88i TLO88sC 
TL2871 TL287C 
Supply voltage, Vacs (eee Note 1) ar eee 
Supply voltage, Voc_ (see Note 1) ee ee 
















TL2881 TL288C 

Differential input voltage (see Note 2) +30 

Input voltage (see Notes 1 and 3) 
Duration of output short circuit (see Note 4) | Unlimited | Unlimited [ Unlimited | | 

Continuous total dissipation at (or below) JG or P package | =680—C | Ss 80s |S 80 
oE fe 

00 

260 











30 

680 
Operating free-air temperature range —55 to 125 —25 to 85 0 to 70 
Storage temperature range —65 to 150 —65 to 150 |—65 to 150 | C 

| 300 | ~~ 300 || 300-—t—s {| PC CT 

ee ee ee 

. All voitage values, except differential voltages, are with respect to the midpoint between Vcc+ and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO88M and TL288M 

chips are alloy-mounted; TLO871, TLO88I, TL.2871, TL2881, TLO87C, TLO88C, TL287C and TL288C chips are glass-mounted. 


°c 
° 


t 
25°C trees temperature (see Note 5 Tupackese {678 | 
3 





Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | JG or U package 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | P package 


NOTES: 





& WN oa 





Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TLO871 TLO87C 
TLO88M TLOS8I TLOssCc 
TL288M TL2871 TL287C 
TL2881 TL288C 
Rg = 50 2, TLO87, TL287 


Ag=608, | TLoB7, 1287 | ——SSSSC~—~S 


TLO88, TL288 


Temperature coefficient R 50 2 + te 
a = ; =Ttu 
VIO of input offset voltage s A 


electrical characteristics, Vcc+ = +15 V 


PARAMETER 


VIO Input offset voltage 








TEST CONDITIONST UNIT 






mV 


Peas 

















_— 
= 


ao | 
> 
- 
= 
= 
o 
=] 
oe 
oe 


Ta = 25°C 5 100 
lo Input offset current 8 
Ta = full range oe ee 
Ta = 25°C . 60 400 60 400 60 4 
lig Input bias current § 
Ta = full range aes are 
Vec—t4 Vcec—t3.5 Vec—ts5 
Common-mode input 
VICR Ta =25°C to to to 
voltage range Vec+—4 Vec+ Voc+ 


Ta = 25°C, Ru = 10k2 24 27 24 27 24 27 


SSL A 
TA = full range 
[Te ae ea 
RL >2kQ,  Vo=210V, 
Ta = 25°C 
voltage amplification P| 


RL = 2k&2, Vo =+110V, 
ai laputresitanee [Tan 25°C 8 J 


Common-mode rejectio 

CMRR , i ee Re 10k, Ta = 25°C 80 95 80 95 70 95 

ratio 

Supply voltage rejection 

kw IRS SIO Tae 26°C 80 95 80 95 70 95 
ratio (A Voc+/A Vio) 

' Suppy Current No load, No signal, 

cc (per amplifier) Ta = 25°C 


TAII characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ta is —55°C to 125°C for TL—~88M; 
—25°C to 85°C for TL_B__I; and 0°C to 70°C for TL_B_C. 
Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse 
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 


operating characteristics Vcc+ = +15 V, TA = 25°C 


F TLO88M, TL288M ALL OTHERS 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 
V,;=10V, Ry, =2kQ, 
SR Slew rate at unity gain | L 8 13 13 Vius 
CL=100pF, Avyp#=1 
r HS 
n 


Vie20mV, RL = Zea, [a a aa 
CL =100eF, _AyD=1 a 
V Equivalent input noise voltage Rs=1002, f=1kHz 

POWER DERATING ABOVE 


RATING FACTOR 
JG (Alloy-Mounted Chip) ~— 680 mW 8.4mW/C 


Maximum peak-to-peak 


V 
ne output voltage swing 


Large-signa! differential 
Avo 







< 
3J/c/sa|0 







3 
> 







oO 
_ 





PACKAGE 


JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 
P 680 mW 8.0 mW/C 
U 675 mW 5.4mWPC 





Also see Dissipation Derating Curves, Section 2. 
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TYPES TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 





MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


TM [YRC ok 
ag Conny | [it~ 25°¢ 


w 
oO 


NY 
or 


Nn 
Oo 


Om a ii 
A 


a Mn Ti CEL 


—_ 
o 


Mt 
CT TTT Me 
SETAE ELE THEL FNAME 


100 1k 10k 100 k 1M A M 
f—Frequency—Hz 


—_ 
eo 


44] 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





FIGURE 1 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


0 
-75 -50 -25 0 75 100 125 
Ta—Free-Air aa ine 


FIGURE 4 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


— 
38 


= A> & 
o oo 


Ls) - NO 





Avp-Differential Voltage Amplification—V/mV 


1 
—75 -50 ~25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C 


FIGURE 7 


TYPICAL CHARACTERISTICS! 


MAX{MUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs vs 
FREQUENCY 


FREQUENCY 


eR I UIs 
EN Mill 
tee LL | 


| 
Cn ill et 
A 










Vect =t15V 
RL 2kQ 
TTT 


Hill 
maria | 
air 












20 






15 






— 
eT 


10 






WIVcce = 45 v | =15V 


| HN 
a eaineat eae tL IN 
Hi LUN SMI UOT 


rs) HS i 
100 1k 10k 100 k a i Ml 10k 40k 100k 400k 1M 4M 10M 
f—Frequency—Hz f—Frequency—H2z 


ie 





Vopp—Maximum Peak-to-Peak Output Voltage—V 





Vopp—Maximum Peak-to-Peak Output Voltage—V 
=) 


FIGURE 2 FIGURE 3 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs ; vs 
LOAD RESISTANCE SUPPLY VOLTAGE 


ei oe 


Re = 10k2 





Vopp—Maximum Peak-to-Peak Output Voltage—V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 


0 
0.4 0.7 1 2 4 7 10 0 2 4 6 8 10 12 14 16 
Ri_—Load Resistance—kQ Noct Supply Voltage—V 


0 
0.1 0.2 


FIGURE 5 ‘FIGURE 6 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT and PHASE SHIFT 
vs vs 


FREQUENCY TEMPERATURE es 
1. 


Vect = #5 V to £15 V 


c 

8 RL = 2k2 UNITY-GAIN-BANDWIDTH 

3 =25C = {left scale) 1.02 

- 3 . 

S DIFFERENTIAL- 0° 5 1.01 £ 

8, VOLTAGE ete 93 

= AMPLIFICATION | | £ & £ 

$ (left scale) 45g > 1 2 

za g 62 3 

3 a 5 = 
° ne} E 

3 0 2 0.99 5 

= 3 

7 PHASE SHIFT - 5 

S (right scale) 136° 3 0.98 

< 





180° 
1 10 100 1k 10k 100k 1M 10M 


f—Frequency—Hz 


7 0.97 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C 


FIGURE 8 FIGURE 9 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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TYPES TLO87, TLO88, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICSt 








TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER INPUT BIAS CURRENT 
vs ve vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
2.0 
1.8 
= 
hi e 16 < 
2 14 L 
8 § S 
E: £ 1.2 5 
a é 5) 
5 >. 1.0 2 
a o 
é Fos 5 
3 a 
° 0.6 7 
a 8 co 
e 0.4 x 
0.2 
-75 -60 -25 0 25 60 76 100 125 eae -§ -25 0 25 50 75 100 125 “-60 -25 0 25 50 =75 : 100 125 
Ta—Free-Air Temperate Ta—Free-Air Temperature—°C Ta—Free-Air Temperature— C 
‘FIGURE 10 FIGURE 11 FIGURE 12 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs VOLTAGE-FOLLOWER 
FREE-AIR TEMPERATURE P LARGE-SIGNAL PULSE RESPONSE 
a 
7 
2 
e a 
: é 2 
g £ b 
— oe 
2 s z 
3 a $ 
= 6 z 
& - 
E g 8 
E 5 L, 
¢ Es : 
y Voce = £15 V 
« RL z2kQ 
5 Ta = 25°C 
92 —4 
-75 -§0 -25 OO 25 50 75 100 125 0 oS 41 15 2 25 3 43.5 0 #01 02 03 04 O58 O6 07 
Ta—Free-Air Temperature—C t—Time—ps t—Time—ps 
FIGURE 13 FIGURE 14 FIGURE 15 
NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION 
vs vs vs 
TEMPERATURE FREQUENCY FREQUENCY 


20 6 8 2 es ee Oe oe oe 8 os ee ee ee et 







30 





a 

a inl 
TTC 
a a a a 


20 












Normalized Slew Rate 


0,004 |—_ SSeeatiiiemissttt: matt 


Samm TimeME Ti 


THD-Total Harmonic Distortion—% 
Qo 
o 
> 





Vn—Equivatent Input Noise Voltage—nV//H2z 





0.85 0 0.001 
-75 -50 -25 O 25 60 75 100 125 10 40 100 400 1k 4ki0k 40k 100k 100 400 1k 4k 10k 40k 100k 
Ta—Free-Air Temperature —C f—Frequency—Hz f—Frequency—Hz 
FIGURE 16 FIGURE 17 FIGURE 18 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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LINEAR | TYPES TL321M, TL321I, TL321C 
INTEGRATED OPERATIONAL AMPLIFIERS 


CIRCUITS BULLETIN NO. DL-S 12515, APRIL 1977 — REVISED OCTOBER 1979 


e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 









Single Supply ...3 V to 30 V Input Offset Voltage ...2mV Typ 

or Dual Supplies Input Offset Current. . -.3nA Typ  (TL321M) 
¢ Low Supply Current Drain | Input Bias Current...45nA Typ 

Independent of Supply Voltage e Differential Input Voltage Range 

...0.8mA Typ Equal to Maximum-Rated 
e Common-Mode Input Voltage Supply Voltage . .. +32 V 

Range Includes Ground Allowing © Open-Loop Differential Voltage 

Direct Sensing near Ground Amplification ...100 V/mV Typ 


e Internal Frequency Compensation 
schematic 


>Vcc JG ORP 
DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


OUT- 
nc Yoo PUT AC 


INPUT 


REGULATOA 


INV NON- GND 


Db dee INPUT INV 
descri pti on INPUT 





The TL321 is a high-gain, frequency-compensated 
operational amplifier that was designed specifically to 
operate from a single supply over a wide range of 
voltages. Operation from split supplies is also possible so long as the difference between the two supplies is 3 volts to 
30 volts and Pin 7 is at least 1.5 volts more positive than the input common-mode voltage. The low supply current 
drain is independent of the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the TL321 can be 


operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional +15-volt supplies. 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vcc (see Note 1) 


a) ha Pet aad sao HRA tad Sarno Se AE: SP lan eres ene A te a ae See oes 32 V 
Differential inputvoltage (see.Note 2) -...4 64:cad ibe oN wae ee ee ee a OOS ee bea eae 232 V 
Input voltage range (either input) 2... ee eee eee ee ee eee —0.3 V to 32 V 
Duration of output short-circuit to ground at (or below 25°C 
free-air temperature (VCG<15 V) (see Note 3) 6 ee ee eee eee eee . unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note4) «1. eee eee eee 680 mW 
Operating free-air temperature range: TL321IM ........ 000 ee eee ee ete te eee ee eee —55°C to 125°C 
EO2E heed teh ecturcmpe bers aed Ate —25°C to 85°C 
TES2IG. ode Rican d chant aie ae pase etateg aaa O°C to 70°C 
Storage temperature range .. 1... ce ee ee ee Beh an eae ces ee eee —65°C to 150°C 
Léad temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package ........ cee eee ee eee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...........0eeeeeeevese 260°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 
4 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL321M chips are alloy- 
mounted; TL321! and TL321C chips are glass-mounted. 
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TYPES TL321M, TL321l, TL321C 
OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


TL321M, TL3211 TL321C 
PARAMETER TEST CONDITIONST 
MIN TYP MAX MIN TYP MA 
' ne von tay, 
nput offset volta 
25°C 
ho Input offset current Vo=1.4V eee 
Fullrange | ~~ 150 
Vo =1.4V, ~45 —150 —45 —250 
lip Input bias current 
4 0 to 0 to 
Voc = 30V cc oe 
0 to 0 to 
Full range 
Fat range Vec-2 Vec-2 


Full range 











Cc 
< 
-| 









x 


n 


on 
oO ~ 






Common-mode input 


V 
ICR voltage range 






Vcc = 30V, 
Ri =2k2 


Veco = 30V, 
ce Full range 
Ry 210 k2 


rs 







High-level output voltage 







2 
2 


NO 
; 





oO 
NO 
© 


Low-level output voltage 












oO 





Large-signal differential 










AvD 





voltage amplification 


= 
om 


RL > 2k2 


26 

27 28 

5 20 

50 100 
> 25 

CMRR Common-mode rejection ratio | Rg < 10k 70 85 
i 65 

—20 —40 

) 20 

10 20 

12 50 


2 
oa 


< 
~~ = 





KSVR” Supply voltage rejection ratio | Rg < 10 k2 100 
Pare [eo | = 
| we | wm | 10 
a 


lcc Supply current ; 


*kgvr = AVcc/Avio ; : , 
TAI! characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for TL321M, —25°C to 85 C for TL321, and OC 


to 70°C for TL321C. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines, 


6 
7 
25 
5 
0 


6 


Oo 


1 





NO 


mA 





NO 


Output current 









A 


o Oo 
3 ‘= 
> 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
JG (Alloy-Mounted Chip) 680 mw 8.4 mW/C 69°C 


PACKAGE 


JG (Glass-Mounted Chip) 680 mw 6.6 mw/C 47°C 


P 680 mW 8.0 mwW/C 65°C 
Also see Dissipation Derating Curves, Section 2. 
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LINEAR | TYPES TL322M,TL3221,TL322C 


INTEGRATED 
CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 12731, OCTOBER 1979 





e Wide Range of Supply Voltages 
Single Supply... 3 V to 36 V 
or Dual Supplies 


JG ORP 
e Class AB Output Stage DUAL-IN-LINE PACKAGE (TOP VIEW) 
e True Differential Input Stage AMPLIFIER NO. 2 
e Low Input Bias Current NON- 
: Van, OUT INV INV 
e Internal Frequency Compensation ~ ¥CC+ PUT INPUT INPUT 


e Short-Circuit Protection 


description 


The TL322M, TL3221, and the TL322C are dual 
operational amplifiers similar in performance to the 
uA741 but with several distinct advantages. They are 
designed to operate from a single supply over a range 
of voltages from 3 volts to 36 volts. Operation from Sa ON CN 
split supplies is also possible provided the difference PUT INPUT INV 
between the two supplies is 3 volts to 36 volts. The eee 
common-mode input range includes the negative MEBLEIER NOC 
supply. Output range is from the negative supply to 

Vcc — 1.5 V. Quiescent supply currents per amplifier 
are typically less than one-half those of the uA741. 





The TL322M is characterized for operation over the full military temperature range of —55 C to 125 C. The TL322I 
is characterized for operation from —40°C to 85°C. The TL322C is characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

ee ek ee ee TL3221 TL322C__| UNIT 
Supply voltage Voc (see Note 1) eae a ee eee ee 

| Supply voltage Vec+with respecttoVcc, tC‘ 

















Input voltage (see Notes 1 and 3) 


—18 

36 
Differential input voltage (see Note 2) 
Continuous total dissipation at (or below) 25°C JG package | 1050 | 825 825 a 
Operating free-air temperature range —55 to 125 —40 to 85 7 
“65 t0 150 | ~65 10 150_| 65 to 150 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds |JG package 300 


NOTES: 1. These voltage values are with respect to the midpoint between Voc+ and Vcc_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

Neither input must ever be more positive than Vccy or more negative than Vcc_. 

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, TL322M chips are alloy- 
mounted; TL322] and TL322C chips are glass-mounted., 


° 


free-air temperature (see Note 4) P package 1000 | 1000 


RON 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR TA 


PACKAGE 


JG (Alloy-Mounted Chip) 1050 mw 8.4 mWPC 25°C 
JG (Glass-Mounted Chip) 825 mW 6.6 mW/C 25°C 
Pp 1000 mw 8.0 mW/C 25°C 





Also see Dissipation Derating Curves, Section 2, 
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TYPES TL322M,TL3221,TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature: VCC+ = 14 V, VcC— = 0 V for TL322I: 
Vec+ = +15 V for TL322M and TL322C 


PARAMETER TEST CONDITIONST 
a 25°C, See Note 5 
VIO Input offset voltage 
= full range, See Note 5 
Temperature coefficient 
avio ‘ = 25°C 
of input offset voltage 
~ 25°C, See Note 5 
Input offset current 
= full range, See Note 5 


Temperature coefficient 
2110 : = 25°C 
of input offset current 
: a “02 -05[ 02 05] —-0.2 08 


= full range 


Ta =25°C 


Bi = 100, Tas 26°C +12 +#13.5 412 £125 #12 +13.5 oe 
















TL322M TL3221 . TL322C 
UNIT 


MIN TYP MAX! MIN TYP MAX] MIN TYP MAX 
10 
| 3-3} | 


a 
No ~ = 
o} oO 
< 
~ 
° 
oO 


ol 
oO 
NO 
an 
Oo 
NS 
fo) 
oO 


Common-mode input 











voltage ranget 









Peak output 


Ri= 2K, A = full range 
RL =2kQ, Tas 25°C 

A = full range 
Vopp = 20 V, ie 2kQ, 
Avp =1, TA=25°C, 
THD < 5% 


ate Vo = 50 mV, 
Unity-gain bandwidth 
= 25°C 
200 pF, Ry, =2kQ, 
dm Phase margin L~ ; e L 
TA=25 C 


a ee Ta= 25 


Common-mode <10k2, T 25°C 
rejection ratio a 
Supply voltage sensitivit 
Ksvs << g Mins 150] uV/V 
10/AVcc) 
ee output Ta = 25°C +45 +10 +30 +45 io 
urrent 
No load, No signal, 
| Total supply current 1.4 2.5 


TAII characteristics are specified under open-loop conditions unless otherwise noted. Full range for T , is —55°C to 125°C for TL322M; —40°C 
to 85°C for TL3221 and O°C to 70°C for TL322C., 

+The Vicr limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vocy. 

8 Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded, 

NOTE S: Vio and Ijo are defined at Vg = O V for TL322M and TL322C and Vo = 7 V for TL3221, 


voltage swing 






ob 
—b> 
- 
N 
rs) 
N 
ra) 
N 
s) 
‘ 
< 
— 
3 
< 


ne 
Ss 
= 
N 


=) 
w 
—_ 
fo) 
io) 
>) 
w 
= 
~ 


+10 
0 





Large-signal differential 
voltage amplification 






Maximum-output- 






Bom 






swing bandwidth 












Ww 
oO 
—__ 
16) 
a) 
~J e 
: : 
ice) 
Oo 
J 
oO 
GW 
© 
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TYPES TL322M,TL3221,TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics, Vcc+ = 5 V, Vcc— = 0 V, Ta = 25°C (unless otherwise noted) 


TL322M TL322! 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 


Vig _Inpuvofteetvorege|vos25v TC 
rig Inputbias current [| ——SSSid COO 


(ane, V 1.7 Vv 1.7 V 1.7 : 
Vecs=5Vto30v | Cot” Cone aie 
A Rp =2kQ2,AVQ=2V 20 200 
Power supply sensitivity 
KSVS 
+ {QAVio/4Vcc+) 
ICC Supply current No toad, No signal 
Vo1/Vo2 Channel separation f = 1 kHz to 20 kHz 


T All characteristics are specified under open-loop conditions. 



















Peak output 








VOM 









voltage swing § 


Large-signal differential 





§ Output will swing essentially to ground, 


operating characteristics: Vcc+ = 14 V, Vcc— = 0 V for TL322I, Vec+ = +15 V for TL322M and TL322C 
TL322C: Ta = 25°C, Ayp = 1 (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
AVoO = 50 mV, C_ = 100 pF, Rye =10k&., 


tf Fall time 
See Figure 1 








PARAMETER MEASUREMENT INFORMATION 


Vv) 


FIGURE 1—UNITY-GAIN AMPLIFIER 
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TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICST 


jiptie BERS CURRENT INPUT BIAS CURRENT ‘MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS vs VS 
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 









250 . > 
ere El 
f ee A 
St 
3 i 
s 8 e 
Tt 
= S 100 mt 
g | {[ | & - 
T ] E 
Ty] 
oy — 50 a 
LJ 
me = 
ele 0 & 
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 > 0 2 4 6 8 10 12 14 16 
Ta—Free-Air Temperature—"C Ncc ++Supply Voltage—V Ncctl-Supply Voltage—V 
FIGURE 2 FIGURE 3 FIGURE 4 


LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION 


“i vs VOLTAGE-FOLLOWER 
FREQUENCY FREQUENCY LARGE-SIGNAL PULSE RESPONSE 


’ YO RE = 2k 

imp an Be cs ; 
eet licctee cee Mey 
Shoal fal scare Nala a 
pe Sha teas Merle IPE S| 
Pee ae We Wel 
epee d lite alee at 
PV | yf tiseor 
Safle Wess Ih aeetlie fey 






















CLAIM ET 
CULM HE 
CUTIE ANTI 
CEI Ui 


-5 


Avp-—Differential Voltage Amplification 
Input and Output Voltages—V 
° 


-10 


Vopp—Maximum Peak-to-Peak Output Voltage—V 
an 





1k 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 60 70 80 90 
f—Frequency—Hz f—Frequency—Hz t—Time—yps 
FIGURE 5 FIGURE 6 FIGURE 7 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 


schematic (each amplifier) eee 





NONINVERTINGS 
weruT 


INVERTING ¢ 
INPUT 


All component values shown are nominal Me sca daa 
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LINEAR TYPES TL702M, TL702C 
INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


CIRCUITS BULLETIN NO. DL-S 12407, JUNE 1976—REVISED OCTOBER 1979 





e Open-Loop Voltage schematic 
Amplification ...2600 Typ 


e CMRR...80dB Typ 


LEAD 





COMP 
description 

cnc uy 

The TL702 is a high-gain, wideband operational NINPUT © 

amplifier having differential inputs and single-ended ae nrine 0 OUTPUT 

emitter-follower outputs. Provisions are incorporated EE 

within the circuit whereby external components may 

ope Component values shown 

be used to compensate the amplifier for stable are nominal 

operation under various feedback or load conditions. re 

Component matching, inherent in silicon monolithic J 
 VCC— 


circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


The TL702M is characterized for operation over the full military temperature range of —55 °C to 125°C. The TL702C 
is characterized for operation over the temperature range of OC to 70°C. 


terminal assignments 
JOR N DUAL-IN-LINE JG DUAL-IN-LINE U FLAT PACKAGE 


OR W FLAT PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 












LAG LEAD OUT- LAG LEAD 
NC OUTPUT COMP COMP NC Vec+ PUT COMP COMP 


GND INV NON. V, 
NC GND INV NON: Vcc INPUT INV COT 
INPUT INV INPUT 
INPUT 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 






Supply voltage VCC+ (see Note 1) 

































Supply voltage VCC— (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Peak output current (tw < 1s) | 50 | 50 | mA] 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) | 300 | 300 | mw. 
Operating free-air temperature range , /-55to 125} Oto70 | °C | 





Storage temperature range | | -65 to 150 |—65 to 150] °C _| 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package | 300 | 300 | °c | 
Lead temperature 1/16 inch (1,6 mm) from case for10 seconds | Npackage | | 260 | °C | 


All voltage values, unless otherwise noted, are with respect to the network ground terminal. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 

For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TL702M chips are alloy-mounted; TL.702C chips are glass-mounted. 






NOTES: 


ga as 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TL702M 


electrical characteristics at specified free-air temperature 


TL702M 
Vec+ 212 V Vec+ = 6 V 
Vec—=-6V | Vec—#-3V 


MIN TYP MAX|MIN TYP MAX 


= 13 
< ~ ~ 
i@) OQ 


PARAMETER TEST CONDITIONSt UNIT 


< 


Input offset voitage Rg <2k2 
Full range 
Average temperature coefficient —55°C to 25°C 
of input offset voltage 25°C to 125°C 
Average temperature coefficient —55°C to 25°C 
ra 
NO of input offset current 25°C to 125°C 
, ne : 
ut bias curren 
ta : 


~J 


Common-mode input 
VICR oe 25 
Vv Maximum peak-to-peak Ry > 100 k2 

OPP Output voltage swing Ry = 10k2 


ee Vasey L2ee fra 2600 [id 
a 8 = 
eon eee R_>tooKn | ¥ 000 


eee le es 


voltae amplification Vo=ssv[ asc | | 380 700 


Cc 

, Ee 

eee |Fullrange | 3 | 4 

Output resistance Vo = 0, See Note 3 

CMRR Common-mode rejection ratio Rg < 2k2 70 80 : 

ksys* Supply voltage sensitivity Rs < 2k2 60 300 60 300 | uV/V 
cc Supply current No load, No signal 

Pp Total power dissipation No load, No signal 





*ksvs = AVio/AVcc 
T All characteristics are specified under open-loop operation. Full range for TL702M is -55 C to 125°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal! feedback, 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 
J (Alloy-Mounted Chip) 300 mw 11.0 mw/C 
J (Glass-Mounted Chip) 300 mW 8.2 mW/C 
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/C 


PACKAGE 


JG (Glass-Mounted Chip) 300 mW 6.6 mW/C 
300 mW 9.2mWPC 
300 mW 5.4mW/C 
300 mW 8.0 mW/C 





' Atso see Dissipation Derating Curves, Section 2. 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TL702C 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc-—- =—6 V 


PARAMETER TEST CONDITIONSTt 
Vv input offset volt Reo < 2kQ zee 
nput offset vo e 
lO . s Full Range 
L 
R 





TL702C 
MIN TYP MAX 





25°C 
lio Input offset current 
Full Range 


~J 
a 


Average temperature coefficient O°C to 25° 


a 
HO of input offset current 25°C to70° 


25°C 
lig Input bias current 0° 


< 
C 
Common-mode Positive swing 25°C 
y Maximum peak-to-peak RQ, > 100ka 25°C 
: OPP Output voltage swing L* 
% Large-signal differential edna Gas 25°C 
vB voltage amplification . , ae Full Range 


or 
N 
o 


Average temperature coefficient 
eVvio ; Rg = 502 Full Range 
of input offset voltage 


VICR input voltage range Negative swing 


1000 2600 
80 


Oo 


QO 
= 
wha 


oO 


| 25°C 
rj Input resistance Full R 3 
ull Range ‘ 


2c | 200 600 









Ss 
ksvs* Supply voltage sensitivity Rs < 2k 25°C 
lec Supply current No load No signal 25°C 
Pp Total power dissipation No load, No signal 25°C 


*ksvs = AVio/4Vecc 
T Atl characteristics are specified under open-loop operation. Full range for TL702C is O°C to 70°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


oO 
N) 
oO 


ice) 
fo) 


N 
ol 
3 
2 








TL702M, TL702C 


operating characteristics Vcc+ = 12 V, Vec— =—6 V, Ta = 25°C 


TEST BOTH TYPES 
PARAMETER TEST CONDITIONS 
FIGURE MIN TYP MAX| | 


[tomy oSS™S™~SSCi‘ Os | 
7k 0 a 
pena 
__ 









tr Rise time 


2 
2 
SR Slewrate 5 






Vi = 10 mv, CL = 100 pF 10% 50% 
Viz 1mv 20% 40% 


Vi=6V, Cy = 100 pF 1.7 
Vius 
V1= 100 mV SK ieee! 











TEXAS INSTRUMENTS 


INCORPORATED 


159 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


2 kQ2 


Vi 


OUTPUT 


INPUT 
———O0V 


INPUT VOLTAGE 
WAVEFORM 





FIGURE 1—UNITY-GAIN AMPLIFIER 


VI 


OUTPUT 
INPUT 
——-—O0V 
INPUT VOLTAGE 
WAVEFORM Re = 100 kQ2Q 





FIGURE 2—GAIN-OF-100 AMPLIFIER 
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Avo —Differential Voltage Amplification ; 
Vopp—Maximum Peak-to-Peak Output Voitage—V 


Avop-—Differential Voltage Amplification 


TYPES TL702M, TL702C 


GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
v3 


FREQUENCY 
{for various lag compensations) 


Voc+ = 12 V Ru = 100k2 
Vec-=-6V Ta =25°C 





100 10k 100 k 1M 


f—Frequency—Hz 
FIGURE 3 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 
ns 








AvD(0) = Avo at f=1 Hz 











































Voc+ #12 V 
Vcc- 2-6 V 
103 N Cy, =0.1 uF 
R1=0 
i RL = 100 k2 
10? bi 


Ta = 25°C . 







AVD(0) = 100 
Closed-Loop 


























































10! b,! mh | 
AvDi(Q) = 10 
Closed-Loop 
u wy 
AvD{0) = 1 ! 
Closed-Loop ii N 
10~- 


100 1k 10k 100 k 1M 10M 


f—Frequency—Hz 
FIGURE 4 


LARGE-SIGNAL OIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
{for various lag compensations) 


AvVD(0) = Avp at f = 1 Hz 
Voc+=12V 
Vcoc-—=-6V 
C3 = 50 pF 

= 25°C 


1 
AvDi{0) = 100, C2 = 0, RE = 10k2 i 


AvVDi0} = 10, C2 = 1000 pF, Ah 

R2= 2002, RF = 10k2 ii 

Avp(o) = 1,C2 = 0.01 uF, 

R2= 202,°Re = 10k2 \ 
3 


100 1M 10M 100 M 





f—Frequency—Hz 
FIGURE 6 


LAG COMPENSATION CIRCUIT 
FOR FIGURES 3,4, AND5 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


VS 
FREQUENCY 
(for various lag compensations) 





104 
Open-Loop, C1 = Vec+=12V 
Vcc- =-6V 
Re = 100 k2 
103 mn Oe ih =25°C 
AvD(0)} = 100 
102 C17 100 pF, Ry =2k2 | 


AvDi{Q) = 10 
C1 2 1000 pF, R1 mick d b 
iN 
AvDi0) = 1 
} C1 = 0.01 nF, R1=202 
4 [IN 
Avoio) = Avo at f= 1 Hz < 


107! 
100 k 1M 10M 100 M 
f—Frequency—Hz 
FIGURE 5 
RF 
C2 
R2 
C3 


10' 


Avp—Differential Voltage Amplification 





LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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LINEAR TYPE uA702M 


INTEGRATED ; 
CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 12408, JUNE 1976—REVISED OCTOBER 1979 





e Open-Loop Voltage schematic 
Amplification ...3600 Typ 


e Designed to be Interchangeable With 
Fairchild n.A702 


e CMRR...100dB Typ 


LEAD 
COMP 
description GNDO os 
The uA702 is a high-gain, wideband operational INPUT 
amplifier having differential inputs and single-ended iNVERTING D OUTPUT 
emitter-follower outputs. Provisions are incorporated INPUT 





within the circuit whereby external components may 

ope Component values shown 
be used to compensate the amplifier for stable wre nominal 
operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


2.4k2 


The uA702M is characterized for operation over the full military temperature range of ~—55°C to 125°C. 


terminal assignments 
J DUAL-IN-LINE U 


OR W FLAT PACKAGE JG DUAL-IN-LINE FLAT PACKAGE 
(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 





LAG LEAD V OUT- LAG LEAD 
NC VcC+ NC OUTPUT COMP COMP NC CC+ PUT COMP COMP 


NC GND INV NON- Vcc_.N GND INV NON- Vec_ 
INPUT INV INPUT INV 
INPUT INPUT 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) be samt eechae ef Sab Der gee yas ese, Sacer! Geof ete ee a, eee ee ee. TeV 
Supply voltage Vcc— (see Note1) . 2... 1 ee ee ee ee ee et ee ee ee ee ew IV 
Differential input voltage (see Note2) . 2. 2. 2 ww wk ew ee we ww ew te ee ee ew ew ew wl 6K 
Input voltage (either input, see Notes 1 and3) ...... 0.0.0.6 0. 2. 8 es ee ee ee )— 6 EV tO 1.5 V 
Peak output current (tyS1s) ... . ic eho: ards a eee wa, SOMA 
Continuous total dissipation at (or below) 70° c faea -air pomperstaes ise Note 4) - oe @ ae & « =~ SOO mW 
Operating free-air temperaturerange . . . 2... ee ee ee ee ee ee ee ee ee « = 55°C to 125°C 
Storage temperature range .. . toe ee ee ee ee ee es = 65°C to 150°C 
Lead temperature 1/16 inch (1,6 cara fest case ior 60 sucende dee Gee he AE. AY. Ge Sw a ae ee OO 


NOTES: 1, All voltage values, unless otherwise noted, are with respect to the network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
4. For operation above 70°C free-air temperature, refer to Dissipation Derating Table. tn the J and JG packages, uA702M chips 
are alloy-mounted. 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 

J (Alloy-Mounted Chip) 300 mW 11.0 mw/°C 123°C 


PACKAGE 


JG (Alloy-Mounted Chip) 300 mW 8.4 mwW/C 114°C 
U 300 mW 5.4mwPC 94°C 
Ww 300 mW 8.0 mW/C 112°C 





Also see Dissipation Derating Curves, Section 2, 


electrical characteristics at specified free-air temperature 






Vec+ * 12 V 


Voc+ =6V 
Vec-—=-6V Vec—*-3V | UNIT 
MIN TYP MAX| MIN TYP MAX 
[arc | lS 2] 8 
mV 
A 









PARAMETER TEST CONDITIONSt 


VIO Input offset voltage Rs < 2k 













0.7 
0.2 0.5 0.12 0.5 
ho Input offset current ee 0.31.5 
125°C 0.08 05] 0.05 0.5 | 
Average temperature coefficient =se°Ctozs’c | 386] 213, 
a4 ° ° 
= of input offset current arctoizs°c | 1 S| OT 
es ee 
- Bee ee p-see [43 to] 26 75 | 
Vicg common-mode aaa ae rs ee 
input voltage range ee ee 
re ey 


2.6 ‘ 
Ry > 100k2 
3 4 
3 
00 


Average temperature coefficient —55°Cto2°c| 2 «10/ = 315 | 
Re = 502 vic 
RVI __of input offset voltage ee ers 25 10| 3815 |" 
3 16 






Maximum peak-to-peak 











Vv 
OPP output voltage swing 


Ry = 10k2 7 (a Sa ee ee 
RL > 10ka Fulrange | 7 | 8 


7 8 
7 
25°C 2500 3600 6000 
Vo =+5V 
R, > 100k2 Full range 2000 7000 
ey ee 
a 
rj Input resistance i kQ 


ro Output resistance Vo = 0, SeeNote3 | 25°C 200 500 300 700 
| 2c | 80100 ~+| 80 100 —*| 
CMRR Common-mode rejection ratio Rs < 2k 70 i oe 
7 
9 


Large-signal differential 


A 
vO voltage amplification 


(sVi9/4V co) 200 
me | 8 67| 21 33 | 


22 67 
80 100 
[70 70 
Suppiy voltage sensitivity 25°C 
ave pone 300 | wv 
, 2.1 3.3 






Supply current No load, No signal 


5 
0 







Total power dissipation No load, No signal 


90 135 
125°C 8 120 

TAIl characteristics are specified under open-loop operation. Full range is —55°C to 125°C. 

NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPE uA7/02M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 





operating characteristics Vcc+ = 12 V, Vcc— =—6 V, Ta = 25°C 


TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT 





















ise e 
Beis Via 4 mv 030 | ns] 
Vi =10 mV, C; = 100 pF 10% 50% 
Overshoot factor Le = L : bi —_ 
Vie mv 20% 40%! 
Vie6V, GL = 1000F 
SR Slewrate Paden | = Vius 
Vi= 100 mv Daa 





PARAMETER MEASUREMENT INFORMATION 


Vy 


OUTPUT 


INPUT 
———0Vv 





INPUT VOLTAGE 





WAVEFORM 
FIGURE 1—UNITY-GAIN AMPLIFIER 
5 kQ 
Vj 
‘OUTPUT 
INPUT 
oe om oe ) VV 


INPUT VOLTAGE 
WAVEFORM 





FIGURE 2—GAIN-OF-100 AMPLIFIER 
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TYPE uA/02M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 





TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 


FREQUENCY 
(for various lag compensations) 


Vec+ = 12 V RE = 100 kn 
Vcoc-=-6V Ta=25°C 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





NaN aN 
i 


100 1k 10k 100 k 1M 


LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 


t-Frequency—Hz 


FIGURE 3 
LARGE-SIGNAL DIFFERENTIAL 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION 
VOLTAGE AMPLIFICATION vs 
vs FREQUENCY 
FREQUENCY (for various lag compensations) 

































AVD{0} = AvD at f=1 Hz Vec+ = 12V 
Vec+ = 12V Vec=* GV 
Vec-=-6V Ri = 100 kQ 
i C1 = 0.1 uF Ta = 25°C 
rp A _ 
a Bh! RL = 100k 






Ta = 25°C 






AvD{0) = 10 
C1 = 1000 pF, R; = 2002 




























Avp—Differential Voltage Amplification 
Avp—Differential Voltage Amplification 








10' bs! i | 
AvD(0) = 10 
Closed-Loop Avpio) = 1 
C1 =O001uF,R1=202 
4 Tk at 
AvDi0} = 1 
Closed-Loop Th 
ios NY Avpio) = Avo at f=1Hz 
100 1k 10k 100 k 1M 10M 100 k 1M 10M 100 M 
f—Frequency-Hz f—Frequency—Hz 
FIGURE 4 FIGURE 5 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
{for various lag compensations) 
104 Re 
AvVD{0} = AvD at f = 1 Hz 
§ Vcc+ = 12 V 
s 10° 
= 
E 
< 
% 10? C5 
3 
5 Re 
= 10! 
S AVD(0) = 10, C2 = 1000 pF, 
s R2 = 20082, RF = 10k22 
& 
= "Tivo = 1.C2=0.01uF, 
< R2= 202, RE =10k!2 
107! C3 
100 1M 10M 100M 
LEAD-LAG COMPENSATION CIRCUIT 
ey ee | FOR FIGURE 6 
FIGURE 6 
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LINEAR TYPES uA709AM, uvA709M, uA70SC 


INTEGRATED . 
CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 11447, FEBRUARY 1971—REVISED OCTOBER 1979 





e Common-Mode Input Range. ..+10 V Typical 
e Designed to be Interchangeable with Fairchild u.A709A, 1 A709, and »A709C 
@ Maximum Peak-to-Peak Output Voltage Swing. ..28 V Typical with 15 V Supplies 


description schematic 


These circuits are general-purpose operational 
amplifiers, each having high-impedance differential 
inputs and a low-impedance output. Component 
matching, inherent with © silicon monolithic 
circuit-fabrication techniques, produces an amplifier ee 
with low-drift and  low-offset characteristics. 
Provisions are incorporated within the circuit 
whereby external components may be used to 
compensate the amplifier for stable operation under 
various feedback or load conditions. These amplifiers eaicting 
are particularly useful for applications requiring Oe ti 
transfer or generation of linear or nonlinear a te 
functions. 


INPUT FREQUENCY 
COMPENSATION 





OUTPUT 
o FREQUENCY 


The uA709A circuit features improved offset 


° ¥ec-— Zz 
characteristics, reduced input-current requirements, 


and lower power dissipation when compared to the uA709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and current are guaranteed. 


Component values shown are nominal. 


The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to 
125°C. The uA709C is characterized for operation from O°C to 70°C. 


JOR N DUAL-IN-LINE 
OR W FLAT JGORP DUAL-IN-LINE | U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


INPUT 
INPUT OUTPUT INPUT OUTPUT ute reece. 


FREQ 
FREQ OUT- FREQ FREQ OUT- FREQ NC COMPA Vcc+ PUT COMP 
NC NC COMP A Vcc+ PUT COMP NC COMP A Vcc+ PUT COMP 


NC NC INPUT INV NON- Vcc— NC (NPUT INV NON- Voc — T 
FREQ INPUT INV FREQ INPUT INV alae iNPU 
COMP 8 _ INPUT COMP B INPUT 


NC—No internal connection 
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NOTES: 


TYPES uA709AM, uA709M, uA709C. 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 






UNI 





uA709AM pores 
ua7oom | “ 
Supply voltage Vcc+ (see Note 1) | 18 
Supply voltage Voc_ (see Note 1) | 6-18 | 
+ 
3 






18 

Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Duration of Output short-circuit (see Note 4) : =, Be => 4 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 
300 


+10 


0} 3 
2|*|<|< o 


[Lead temperature 1/16 inch (1,6 ri from case for 6Oseconds | J, JG,U,orWeackage [300 _| 
[Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | NorP package 


ce] 


?) 


3 
3 


+5 
00 
00 
260 





1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vec+ and Vcc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation of uA709AM and uA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In 
the J and JG packages, uA7O9AM and uA709M chips are alloy-mounted;uA7O9C chips are glass-mounted. 


electrical characteristics at specified free-air temperature, VCcC+ = +9 V to +15 V (unless otherwise noted) 








uA7 709M 
PARAMETER TEST CONDITIONST ela us NIT 
MIN TYPE MAX TYP? MAX 
VIO Input offset voltage Rs S$ 10kQ2 
. Full range 


~ Rs = 502 Full range 
Average temperature coefficient 


—55°C to 25°C 
Rs = 10k 


MIN 
4 
3 
25°C to 125°C a aes 
50___200 
40__ 250 100_500 
125°C 20 ~=200 
Average temperature coefficient —55°C to 25°C 0.45 2.8 Ni ee ee ll ‘ 
AHO - ° ° nA/C 
of input offset current 25°C to 125°C 008 o5 | | 
1 0.2 0.2 05 
lB Input bias current 3 
—55 C 
° 


0 

uA 
0.3 0.6 0.5 1.5 
8 






oO 
m 
Nn 


mV 


NO 


of input offset voltage 


= 
ol 










Input offset current 


| 


4.8 
2 
0 nA 


Ww 
: wn 
P, ol 
ro) 
tr 
< c 
™ 
7) 





, Gommon-mods es ’ 
ICR input voltage range eoete Full range 








Maximum peak-to-peak 


wi Full range 


24 


V 
output voltage swing 20 26 


Vecs=215V. RL =2k2 







6 
Vect = £15 V, 


E22kQ2 Full range 


ul 
~J 
=) 
N 
a} 1S 
~ 
° 


VimV 


on 
oO 
—_ 
o 
o 


400 


40 


+8 
2428 
Vece=415V, RL>toKe 2S : = 
° 


re 
j res e 


O = 
CMRR Common-mode rejection ratio Rg S$ 10kQ 
k Power supply sensitivity Soe UO 
— k 
ae (AVi9/AV cc) : Full range 


8 
24 
20 
20 
7 
5 1 
80 1 


R 
, Large-signal differential Vec+ = +15 V, RE 2=2k2, 
i voltage amplification Vo =+10V 2 
; 


© 


4 25 


| 
Oo 


uVviV 









Vect = +15 V, ~~ No load, 
No signa} 






NO 
ww 
PP] o 


3 
> 


Icc Supply current 


NO 
— 
WwW 








NO 
[oa 
— 
ro) 
oO wlan 
ee a | 
>) 

_ 
~ N oO ra) 
© o Oo ro) 

—h 
a wm ro) 


6 






Vec+t = $15 V, No load, 
No signal 






—_— 
Oo 
wo 


Total power dissipation 81 


3 


2 
50 

5 
10 

0 
75 
63 


| 


0 





; ° ° 
TAI characteristics are specified under open-loop operation. Full range for uA709AM and uA709M is —55 C to 125 C. 
FAII typical values are at Vec+t = +15 V. 
Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and therma! feedback. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


UNIT 





electrical characteristics at specified free-air temperature (unless otherwise noted Vcc+ = +15 V) 


uA709C. 
PARAMETER TEST CONDITIONST 
MIN TY 
Vec+ = #9 V to +15 V, 25°C 

VIO Input offset voltage Rs <10kQ2° Full range 
| 1 t offset t = 
IO nput ofset curren Vec+ = #9 V to +15 V Full range 

0 
"iB ‘ 







Input b t V V 15 V else 
=+ + 
nput bias curren ccz = +9 V to Full range 


25°C 






i+ 

ie] 

+ 

oh 

oO 
_ ~ 
oO ol 











NO 
| 





mV 
nA 
uA 
V 
V 
kQ 
2 


Ry, >= 10k2 
j Maximum peak-to-peak L Full range 
OPP output voltage swing Rp =2k2 25°C 
ALD DKA Full range 


L arge-signal differential 25°C 
AvD : RL <2kQ, Vo =+10V 
voltage amplification Full range 
25°C 
rj Input resistance 
Full range 
oO 


CMRR Common-mode rejection ratio Rs < 10kQ 25°C 
AVi0/AVcc Supply voltage sensitivity Rg < 10k 25°C 


Pp Total power dissipation No load, No signal 25°C 


Eo 
<a 


4 fe) 
TAIl characteristics are specified under open-loop operation. Full range for uA7O9C is O°C to 70 C. 
NOTE 6: This typical! value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics Vcc+ = +9 V to+15V,TA=25°C 


2 
2 
5 


2 


QW] ol 
o}o 


P MAX 
2 : 
00 500 

750 
3 , 
2 
8 
6 
0 
25 200 
80 200 


N 
: 































uA709AM 
uA709M 
PARAMETER TEST CONDITIONS Av709C 
u 
MIN TYP MAX 
a a 


See Figure 1 
Ci = 100 pF 6% 30% 


PARAMETER MEASUREMENT INFORMATION 


. V)=20mV, R, =2kQ, 
| 





10 kQ 


VI 


-~-0V 


INPUT VOLTAGE 
WAVEFORM 





FIGURE 1—RISE TIME AND SLEW RATE 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 


INPUT OFFSET CURRENT . INPUT BIAS GURRENT INPUT BIAS CURRENT 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


. horlnput Offset Current—nA 
1ip—!nput Bias Current—mA 
tjg—!nput Bias Current—nA 








0 
+75 -50 -25 6 25 SC 75 100 125 -75 -50 -25 0 2 50 75 100 125 
Ta—Free-Air Temperature-°C Ta—Free-Air Temperature—°C IVccz!-Supply Voltage—V 
FIGURE 2 FIGURE 3 FIGURE 4 
uA709AM 
INPUT VOLTAGE RANGE INPUT RESISTANCE ; COMMON-MODE REJECTION RATIO 
vs vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
[aa] 
ue] 
| 
& 
: z 
ry G 
e “ 6 
rg @ 3 
& § = 
= % cc 
= 2 
S cc 8 
2 S ; 
& a 3 
of a E 
> = g 
a 
a 
= 
oO 10 
~75 -50 -25 0 25 SO 75 100 125 “75 -50 -25 0 25 50 75 100 125 
IVccz!—Supply Voltage—V Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C 
FIGURE 5 FIGURE 6 FIGURE 7 
wae eva poneR DiSsiPnTION 
TOTAL POWER DISSIPATION TOTAL POWER DISSIPATION ee 
vs vs 
SUPPLY VOLTAGE 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 





120 Ty = 25°C 
No load 
10C § No signal 


ia 
GED 


Nil 
\ 


Pp-—Total Power Dissipation—mW 
a 
So 
fe 


Pp-Total Power Dissipation—mW 
Pp-—Total Power Dissipation—mW 





RERREAGHANEE 








20 
No load 
No signal 

60 0 

-75 -50 -25 0 25 50 75 100 125 9 10 | 12 13 14 1§ 
Ta—Free-Air Temperature—°C IVcczl—Supply Voltage—V IVecsl-Supply Voltage—V 
FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES uA709AM, uA709M, uA/09C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





Ayp-Differential Voltage Amplification—V/mV 


Ayo—Differential Voltage Amplification 


TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 


uA709AM, uA709M uA709C 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SCALE 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs vs VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 


Re = 2k2 
Ta = —55°C to 125°C" 


a 
Avp-—Differentiat Voltage Amplification—V/mV 





Ayp-—Differential Voltage Amplification 





0 
“75 = -50 -25 O 25 50 75 100 125 







Ta—Free-Air Temperature—°C IVcoc:|—-Supply Voltage—V IVceczI-Supply Voltage—V 
FIGURE 11 FIGURE 12 FIGURE 13 
OPEN-LOOP LARGE-SIGNAL CLOSED-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION OUTPUT 
vs vs 
FREQUENCY FREQUENCY FREQ C2 
' 104 COMP 
10 Avpio) = Avp at f = 10 Hz 
Vect = #15 V 
4 Ta = 25°C 
C1, = 10pF,R1=0,C2=3pF 
s Titi Ft 
10 ; a Avpio) = 1001) {\ 
oy *2 Cy = 100 pF, Ry = 1.5k2, Ni 
102 77S ~: C2 = 3pF | 
t oN m WN 
, oN 101 1 | Avoro) = 10 eK 














Cy = S00 pF, Ry = 1.5k2, N| 
abil 
mM LTH Avo = 1 \ 
Cy = 5000 pF, R4= 1.5 all NI When the amplifier is operated with 
Cz = 200 pF Bi | 
Ili bi 


Th Tins 
Ut) AM 
| I 
Bu A a 


capacitive loading, Ra = 50 2, 


10-1 | li 





Nii! 
N 

hi i 
MN 











Ayp—Closed-Loop Differential Voltage Amplification 


107! I 
100 1k 10k 100k 1M 10M a be Hoa. --ADON pee id FREQUENCY 
f-—Frequency—Hz f= Prequencys ie COMPENSATION CIRCUIT 
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs VS 
LOAD RESISTANCE SUPPLY VOLTAGE FREQUENCY 


30 







ver TT O 
rare TPP 


tT AA 
el 









rare TT 
Scoc= a 











; : : 
i , : 
: 
a 3 3 
é 3 8 
% 22 : pe 3 
es A || é ‘ 
ar le Ail 3 3 
ee | ll : £ 
E 16 : 10 3 
Eo, il [ = x 
aS = = 
7 42 a 3 
= 10 SF 0 J \sceeeet Cae . > 9 
> 0.1 O02 O04 071 oA P10 9 10 341 12 13 14 15 10k 
Ry_—Load Resistance—k2 IVccel-Supply Voltage—V f—Frequency—Hz 
FIGURE 16 FIGURE 17 FIGURE 18 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 
uA709AM, uA709M uA709C 


VOLTAGE TRANSFER 
CHARACTERISTICS 


VOLTAGE TRANSFER 
CHARACTERISTICS 


Vec+ = £15 V 
RL = 10 kQ 


Vo—Output Voltage—V 
Vo—Output Voltage—V 





-06 -0.4 —0.2 0 0.2 0.4 0.6 


Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 















FIGURE 19 FIGURE 20 
| SLEW RATE 
RELATIVE OUTPUT SWING vs 
oe CLOSED-LOOP DIFFERENTIAL 
ELAPSED TIME 100 VOLTAGE AMEE ICA TION 
C—-—_) 
Ta =25C (an ae ee 
40p 0A 
. ty 
- mall 
i_ > Cee ee ca wares an Gam ew ass 
7 i ices aestiom acest 
3 a 4 9a A 
$ : Tt PT 
Oo ab 
; a | I 
: SS eiemcii 
cs Vere = £15 V ves th Ee 
- a 1 a 
Poe a A 
0 0.5 \ 1.5 2 2.5 ! 4 10 40 100 400 1000 
' = Elapsed Time — ps Ayp—Closed-Loop Amplification 
FIGURE 21 FIGURE 22 
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
2.0 1.5 
% Vee: 7 *9V to 415 V 
= 1,8 3 v4 
2 31.3 
o 1.6 2 ol. 
os a 
ST ie a 
; B41 
es a a pu 
~ 7 ‘ 
> . ry . 
v og ee ake 4 0.8 bo 
he = 
3 poet aes = 97 
a 0.6 Open- or Closed-Loop Bandwidth F = 3 
9 ~- 0.6 
2 0.4 #10 
BS Melk ttcclcealltact fac fe sili 84 0.5 
oe Z 0.4 
; ee ae a ee 0 
~7§ -50 -25 O 23 50 75 100) 125 
Ty — Free-Air Temperature — °C I\Vec+i—Supply Voitage—V 
FIGURE 23 FIGURE 24 
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LINEAR TYPES uA741M, uA741C 


INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
CIRCUITS 
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e Short-Circuit Protection e No Frequency Compensation Required 
e Offset-Voltage Null Capability e Low Power Consumption 
e Large Common-Mode and e No Latch-up 


Differential Voltage Ranges 


description 


The uA741 is a general-purpose operational amplifier featuring offset-voltage null capability. 


The high common-mode input voltage range and the absence of latch-up make the amplifier ideal for voltage-follower 
applications. The device is short-circuit protected and the internal frequency compensation ensures stability without 


external components. A low-value potentiometer may be connected between the offset null inputs to null out the offset 
voltage as shown in Figure 2. 


The uA741M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA741C is 
characterized for operation from 0°C to 70°C. 


schematic INVERTING © 
NPUT 


O OUTPUT 


OFFSET 
NULL © 
(N1) 1kQ 





OFFSET 
NULL o 
{N2) 


Resistor values shown are nominal 


terminal assignments 


JOR N DUAL-IN-LINE OR JG OR P DUAL-IN-LINE U 
W FLAT PACKAGE PACKAGE FLAT PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET 
OUT- NULL OFFSET NULL 
NC COMP Vcc+ PUT (N2) OUT- NULL UTPUT (N2} 
COMP Vcc+ PUT (N2) a 


®OODO® 


NC NC OFFSET INV NON- Vcc— NC ONULL INPUT INV ne 
NULL INPUT INV 


{N1) INPUT (N1) INPUT 





NC—No internal connection 
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TYPES uA74iM, uA741C 


GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


OT C0 TZ" 
Supply voltage Voc+ (see Note 1) 


2 

Supply voltage Vcc_ (see Note 1) | 220 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
| 












Duration of output shortcircuit (seeNote 4) 0 unlimited | unlimited | 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) | 600 =| ~=500— | mw | 
Operating free-air temperature renge 5510125] Ot070 | °C | 
Storage temperature range I-65 to 150| —65t0 150] °C | 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds |NorPpackage = | | 260 | °c | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc} and Vec_. 
2. Oifferential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4, The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, In the J and JG packages,uA741M 
chips are ailloy-mounted; uA741C chips are glass-mounted. 
































electrical characteristics at specified free-air temperature, Vcc+ = 15 V, VCC— = —15 V 


a ne RTDs 1 (OU GUIS, 

V input offset volta Re < 10k2 
bd i is Fullrange | CO ——Ci‘iS 
; i 














AViO(adj) Offset voltage adjust range 
ce 20 


Ho Input offset current Ll 
25°C 80 500 
1B icecaecioails Fullrange | —~S~S«SOO 


NO 
o 
oO 


+ 
= o 
Oo 
a be Bs 
8/8 \s 


Ww 


Common-mode 25°C +12 +13 
VICR 


Futtrange | at2 id at 
Ay=toKn [osc | ze SSCS~*d:C 
[RL > 10 KR | Full range 24 


RL >= 2k2 


input voltage range 







Maximum peak-to-peak 
output voltage swing 
RL = 2k2, | 25°C 


% Large-signal differential 
vo voltage amplification Vo =+10V | Full range 
i 
oO 
Cj 


Vopp 








20 200 
15 


VimV 


sc fos 2 


Vo = OV, 3 
r Output resistance 2 75 
See Note 6 


25°C ieee? ae 
25°C 
Supply voltage sensitivity 25°C 


k ee 3050 | 8050 | 
SVS tavio/aVec! SS 1008 Prutrange [80 | 80 
los Short-circuit output current 25°C +25 +40 | #25) 40 | mA 


| Pete No load, 25°C 1.7 2.8 1.7 2.8 aK 
u rre 
cc Pees No signal Full range . 33 
No load, 25°C 
Pp Total power dissipation ; P10 se 
No signal 


tT All characteristics are specified under open-loop operation. Full range for uA741M is —55°C to 125°C and for uA741C is O°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


NO 
ol 


ol 


Input capacitance 


CMRR Common-mode rejection ratio | Rs < 10 k2 


~J 
So 
(a) 
i 
sI nN = 
a] oO NS 
l 1 
. ND 
fee} 
se} = 3 3 


~J 
o>) 










w 
Ww 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





operating characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 
ES pee ee ee 
PARAMETER TEST CONDITIONS 


Hera Vi=10V, Ry =2kQ, ai 
ew rate at uni ain Ss 
“ C, = 100 pF, See Figure 1 e 


PARAMETER MEASUREMENT INFORMATION 






















VI 
OUTPUT 
INPUT 
——-—-0 
INPUT VOLTAGE 
WAVEFORM 
CL = 100 pF Rp =2k22 
TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
TYPICAL APPLICATION DATA 
TO Vec— 
FIGURE 2-!INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES uA/741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
Vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
100 400 





“300 






ne 
Nanna 
aNEScz 


{1o—Input Offset Current—nA 
Ipg—input Bias Current—nA 
nN 
i} 


{ 


es 
ane ee 
< 





0 
~60 -40 -20 0 20 40 60 80 100 120 140 


. ° 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature— C 


FIGURE 3 FIGUER 4 


OPEN-LOOP LARGE-SIGNAL 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL 
vs 


FREQUENCY vs 
SUPPLY VOLTAGE 


FZ2kN 


age 25°C 


Vopp—Maximum Peak-to-Peak Output Volt 
Ayp-— Differential Voltage Amplification—V/mV 


cl 
[<< +- + 
7 ttt ti 





IVecs | -Supply Voltage—V 
f—Frequency—Hz 


FIGURE 6 FIGURE 7 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
VS Vs 
FREQUENCY ELAPSED TIME 


CMRR—Common-Mode Rejection Ratio—dB 
Vo—Output Voltage —-mV 





1 10 100 1k 10k 100k tM 10M 100M 


Veco-—2 -15 V 


oh alsa Vec+? 15 V 






-60 -40 -20 0 20 40 60 80 100 120 140 


VOLTAGE AMPLIFICATION 


ge awe 


B 110 12 14 #16 (18 20 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 
LOAD RESISTANCE 


28 

veers 15y [TTI Ld 
26 Vcec-7-15V <—T 
= 25°C WW 









0.4 #07 1 2 4 7 10 
R_~Load Resistance—k2 


FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 
FREQUENCY 





1 10 100 tk 10k 100k 1M 10M 100M 


f—Frequency—Hz 


FIGURE 8 


VOLTAGE-FOLLOWER 
Janae SIGNAL PULSE RESPONSE 





Oo 10 20 3 40 50 60 70 80 90 





FIGURE 9 FIGURE 10 FIGURE 11 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 


BULLETIN NO. DOL-S 11446, FEBRUARY 1971—REVISED OCTOBER 1979 


LINEAR 
INTEGRATED 
CIRCUITS 








e No Frequency Compensation Required @ Wide Common-Mode and 
Differential Voltage Ranges 


e No Latch-up 


e Low Power Consumption 


e Short-Circuit Protection 


© Offset-Voltage Null Capability eae o sla aed with 


JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 


2* OFFSET 


NULL 
VcC+ OUTPUT NC OUTPUT Wee 2N1 


description 


The uA747 is a dual general-purpose operational 
amplifier featuring offset-voltage null capability. Each 
half is electrically similar to uA741. 


The high common-mode input voltage range and the 
absence of latch-up make this amplifier ideal for 
voltage-follower applications. The device is short- nivcar. Nowy. SopSer SCO” OFFSEY NORTH. nner. 
circuit protected and the internal frequency compen- INPUT INPUT” NZ" "NEV INPUT INPUT 
sation ensures stability without external components. 

A low-value potentiometer may be connected be- 
tween the offset null inputs to null out the offset 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 





NC—No internal connection 


voltage as shown in Figure 2. * * On parts date-coded 7701 or higher, the two positive supply 
terminals (1 Voc and 2 Voc) are connected together internally. 
The uA747M is characterized for operation over the For parts without this internal connection, order uA747-1M or 


uA747-1C. 


full military temperature range of —55°C to 125°C; 
the uA747C is characterized for operation from OC 
to 70°C. 


schematic (each amplifier) 


INVERTING 
INPUT 






NON- 
INVERTING © 
INPUT 






(N1} 1k2 


OFFSET 
NULL o 


HH sitet 


Resistor values shown are nominal 


oVec~ 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
UNIT 


Supply voltage Vcc+ (see Note 1) a 
Supply voltage Vcc_. (see Note 1) | 6 =-22,—«| 18 


Differential input voltage (see Note 2) 


[#30 | #30 

Input voltage any input (see Notes 1 and 3) 

Voltage between any offset null termina! (N1/N2) and Vcc— 

Duration of output short-circuit (see Note 4) 
00 





+ 

Continuous total dissipation at (or below) 25°C Each amplifier | 500 | soo | 
Operating free-air temperature range 
Storage temperature range | 65 to 150 | —65 to 150 | : 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | Npackage | = [ 260 | ‘t 





—22 
+30 

mw 
800 


° 
O 





?) 





° 
© 


















NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc and Voc_. 


1 

2. Differential voltages are at the noninverting input termina! with respect to the Inverting Input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the suppty voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature, 

5. For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Table, In the J package, 
uA747M chips are alloy-mounted; uA747C chips are glass-mounted, 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— = —15 V 


uA747M uA747C 
PARAMETER TEST CONDITIONSt UNIT 
MINTY 


P MAX MIN TYP 
vie iapucarenverake a ic ae tees ees.) ee AROS ge 
[Fultrange [| —SsSC—~—~— 
15 


20300 20200 
ho Input offset current nA 
IB 


| 
| eee ee ee 
input voltage range +12 
Re > 10 k2 . 
beg Os cee td 


0 


20 
a Large-signal differential RL 2=2kQ, 5 
vO voltage amplification Vo =+110V 
lo 
Cj 
70 
70 





B 





















Maximum peak-to-peak 
Vopp 







Output voltage swing 











Tru esiswnce id 

Vo =OV, 
Output resistance °C 75 2 
ference a re 


90 


5 
25 
25 
Supply voltage sensitivity 
ksvs Rs < 10k 


30 150 
pV/V 


oj, 150 | 
+25 +40 


(AV1o/4V cc) | 


20 
50 200 
25 
0.3 2 
75 
70 90 
70 
30 150 
15 
los Short-circuit Output current ae Ee ee 
(each amplifier) No signal 
(each amplifier) No signal | Fullrange | = 100 | 


t All characteristics are specified under open-loop operation. Full range for uA747M is —55 C to 125°C and for uA747C is 0 C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





Operating characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 


uA747M 
PARAMETER TEST CONDITIONS 
MIN TYP MAX TYP MAX 


Vv, =10V, Ry = 2k, 
SR Slew rate at unity gain 
Ci = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 



































VI 
OUTPUT 
INPUT 
—-—-—-—-OdO0V 
INPUT VOLTAGE 
WAVEFORM 
Cy = 100 pF RL =2kQ 
TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
TYPICAL APPLICATION DATA 
TO Vec oer 
FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
PACKAGE 
RATING FACTOR Ta 

J (Alloy-Mounted Chip) 800 mW 11.0 mW/C 

J (Glass-Mounted Chip) 800 mW 8.2 mW/C 

N 800 mW 9.2mwW/C 

Ww 800 mW 8.0 mw/°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES uA747M, uA747C 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


ia i 
Fa Bs Sc 
sO 
CACC 
EO 
Sea eee 
a ea 
SoekGaten 
aaa eetieleg 
He 


60-40-20 0 WO 4 B& 80 100 120 140 


100 













tio-input Oftest Current—nA 





Ta—F ree-Air Ternperature— C 


FIGURE 3 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 


I CT Lay 
LTT EU ECTTT ETT 
Seda RR 





100 tk 10k 100 & 1M 


f=F requency—Hz 
FIGURE 6 


COMMON-MODE REJECTION RATIO 
VS 


FREQUENCY 


a 
a 
he aS eae 





1 10 100 tk 10k 100k 1M 10M 100M 
{-—F requency—Hz 


FIGURE 9 


TYPICAL CHARACTERISTICS 


Ayp- Differential Voitage Amplification—V/mV 


INPUT BIAS CURRENT | 
vs 
FREE-AIR TEMPERATURE 


EE 





SaSeR eee 
No 
Nezca nee 
CANT 
AG <WeeUe 


Pol lees ed 
tel es eae a 





lig—!nput Bies Current—nA 







-60 -40 =-20 0 20 40 60 80 100 120 140 


Ta—F ree-Air Tempersture—"C 


FIGURE 4 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


pares eeeae 
L=2kn 
TacaFe hee 








10 12 #14 «#16 «#18 «20 


Vee, |!—-Supply Vottage—v 


FIGURE 7 


OUTPUT VOLTAGE 
vs 


ELAPSED TIME 


Vo—Output Voltage —mV 


FIGURE 10 













MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 










28 — 
> * Goa TTI LEE 
bia Mi raAmnaiiil 
> 
FA 22 
Y] 
3 20 
$ 18 
3 16 
£ 
é 14 
12 
10 
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7: 10 
Ay —Loed Resistence-k2 


FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 


FREQUENCY 


AypDifterential Voltage Amplification 





1 10 100 tk 10k 100k 1M 10M 100M 


{—F requency—Hz 


FIGURE 8 


VOLTAGE-FOLLOWER 
ene SIGNAL PULSE RESPONSE 


Input and Output Voltages—V 





2 6 40 «(806070 = 8s 90 
t=Time—ps 


FIGURE 11 
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LINEAR TYPES uA748M, uA748C 
INTEGRATED GENERAL-PURPOSE 
CIRCUITS OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 11418, DECEMBER 1970—REVISED OCTOBER 1979 





e Frequency and Transient Response Characteristics Adjustable 


e Short-Circuit Protection e Low Power Consumption 
e Offset-Voltage Null Capability e No Latch-up 
e Wide Common-Mode and e Same Pin Assignments as uA709 


Differential Voltage Ranges 
description 


The uA748 is a general-purpose operational amplifier. It offers the same advantages and desirable features as the uA741 
with the exception of internal compensation. The external compensation of the uA748 allows the changing of the 
frequency response (when the closed-loop gain is greater than unity) for applications requiring wider bandwidth or 
higher slew rate. This circuit features high gain, large differential and common-mode input voltage range, output short- 
circuit protection, and may be compensated under unity-gain conditions with a single 30-pF capacitor. A potentiometer 
may be connected between the offset null inputs, as shown in Figure 12, to null out the offset voltage. 


The uA748M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA748C 
is characterized for operation from O°C to 70°C. 


co [pHa 
Siihsiiien 


JOR N DUAL-IN-LINE PACKAGE JG OR P DUAL-IN-LINE U FLAT PACKAGE 
OR W FLAT PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


schematic INVERTING , 
INPUT 
© Vec+ 










OFFSET 
NULL ° 
(N2) 


Tk2 





OFFSET °Vec~ 
NULL/COMP © 
(N1) 


Resistor values shown are nominal. 


OFFSET 
OUT- NULL 


OFFSET 
NC COMP Vcc+ PUT (N2) OUT-. NULL 


COMP Vcc+ PUT (N2) 


OFFSET INV NON- Vcc— 
NULL/ INPUT INV 
NC OFFSET INV NON- COMP INPUT NULL/ INPUT — INV 
NULL/ INPUT INV (N1) COMP INPUT 
COMP INPUT (N1) 
(N1) 


NC OFFSET INV NON- 





NC—No internal connection 
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TYPES uA748M, uA748C | 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


nam [va7asc _| 
2 
2 
+3 










[Supply voltage Vec— (see Note) ——SSSCSCSCSCSCSCSCSC“CSs‘“S*sC‘“s‘“‘“s~‘“‘“dC 
Differential input voltage (see Note) 


2 
—22 

Differential input voltage (see Note 2) +30 © 
00 


Input voltage (either input, see Notes 1 and 3) 
Voltage between either.offset null terminal (N1/N2) and Vec— 
Duration of output short-circuit (see Note 4) | untimited | unlimited | 


I+ 
ie) 
oO 
= = 


F Continuous totel power dissipation at (or below) 26°0 freer temperature (see Notes) | _500_| 
| Operating free-air temperaturerange CC 8H 0 125| Oto 7O | ° 
: 

Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds 
N or P package aaa Be a 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc+ and Vcc_. 


OQ 






oO 


° 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit 
appliles at (or below) 125°C case temperature or 75°C free-air termperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA748M chips are 
alloy-mounted; UA748C chips are glass-mounted. 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCcC— =—15 V, Cc = 30 pF | 


uA748M 
PARAMETER TEST CONDITIONSTt 


V Input offset voltage s Ss 10 kQ 
Fullrange | 
ee ne OO 
+12 + 

+12 

24 

24 

20 

20 

50 

25 

70 

70 













uA748C 
TYP 


UNIT 


ES 
a 
= 
> 
x 


nN 
o7;o 
3 


: 
io) 
i=) 

3 3 


N 
o 


0 


Fullrange [| 500 


MAX 
25°C 
I Input bias current 
Full range 
150 


Ww 
fo] 
| 


0 


10 
25°C 
ho Input offset current 
IB ji 


© 
Oo 
| 


Common-mode 25°C p12 13 


| 


VICR 








+ 
input voltage range + 


Full range 


) 


R 
AL=toK |e | 24 ae 
ALD TOK | Full range [24 


Maximum peak-to-peak 


Vv 
one output voltage swing 


| 


Rp 22kQ2Q =| Full range 


YP 
20 
80 
13 
28 
26 
Large-signal differential Ry = 2k, | 25°C 
2 
75 
90 
30 
+25 







+1 
20 


= 
3 
< 


j=) 
wW 


12 
12 
24 
20 
20 
20 
0.3 
70 
70 


i 


25°C 


Input resistance 


r 
r 


on 
©) 


; 


Vo =O0V, rm 
Output resistance 2 
See Note 6 


i 
a , pw 
fi 25°C ar a 
CMRR Common-mode rejection ratio | Rg < 2 
Fullrange | 70 


10 k 
; Supply voltage sensitivity 25°C 
k Re < 10 kQ2 
SVS (AV19/AVecc) s Full range 


los Short-circuit output current 

ee No load, 1.7 2.8 1.7 2.8 

sis ce No signal 
— Nolosd, [asc | ~~ 50S | SCS*~<“CSCSC«i 

Pp Total power dissipation etal ws mW 


t All characteristics are specified under open-loop operation. Full range for uA748M is —55°C to 125°C and for uA74BC is 0°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


A 
bias voltage amplification Vo=110V | Fullrange | 25. | 


2 
8 
2 
2 
7 
9 
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uVIV 


oO 
I+ = 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





operating characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 


Cy = 100 oF, Cc = 30 of. 


V,;=10V, RL =2kQ, 
SR Slew rate at unity gain Cy = 100 pF, Cc =30 pF, 
See Figure 1 
{ 
~——O0V 


INPUT VOLTAGE Cc = 30 pF = 
WAVEFORM TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT 
vs FREE-AIR TEMPERATURE vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE 


28 
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Vopp—Maximum Peak-to-Peak Output Voltage—V 
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Ayp—Differential Voltage Amplification—V/mV 
Avp Differential Voltage Amplification 


Vopp—Maximum Peak-to-Peak Output Vo 
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TYPES uA748M, uA748C 


GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


TYPICAL CHARACTERISTICS 


- OUTPUT VOLTAGE 
VS 
ELAPSED TIME 


VOLTAGE-FOLLOWER 


LARGE-SIGNAL PULSE RESPONSE 


Vo-—Output Voltage — mV 
Input and Output Voltages—V 


CL = 100 pF 
Cc = 30 pF 


CMRR-Common-Mode Rejection Ratio—-dB 





1 10 100 tk Wk 100k 1M 10M 100M re) 10 20 30 40 50 60 70 80 90 


FIGURE 9 
TYPICAL APPLICATION DATA 


f—Frequency—Hz 


FIGURE 8. 


t-Time—us 


FIGURE 10 





Ile— 5 


i 


™ Vec- 


COMP © N2 

30 pF (OPEN) 
rj = 400 MQ, 

Cj = 1 pF, 


fh5< 12, 
BW = 1 MHz 


FIGURE 11—UNITY-GAIN VOLTAGE FOLLOWER 


R 1°30 pF 





R1+R2 








FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR’ TYPE uA777C 


INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 
CIRCUITS 


BULLETIN NO, DL-S 12307, SEPTEMBER 1973-REVISED OCTOBER 1979 


e Low Input Currents e Offset-Voltage Null Capability 


e Low Input Offset Parameters e No Latch-Up 
e Frequency and Transient Response e Wide Common-Mode and 
Characteristics Adjustable Differential Voltage Ranges 
e Short-Circuit Protection e Same Pin Assignments as uA748, uA709, 


LM101A/LM301 except U Package 
description 


The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in 
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers. 


This device is an excellent choice where a performance between that of super-beta-and general purpose operational 
amplifiers is required. 


External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy 
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input 
voltage range, output short-circuit protection, and null capability. 


The uA777C is characterized for operation from O°C to 70°C. 


terminal assignments 
JG OR P DUAL-IN-LINE JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) | 


PACKAGE (TOP VIEW) 





OFFSET 
Our. NULL 
NC COMP Vcc+ PUT (N2} 2 Orr ak 


OUT- NULL 
COMP Vcc+ PUT {N2) 


OFFSET INV NON- Vec— 
NULL/ INPUT INV 
NC OFFSET INV NON. Vcc U 
NULL/ INPUT INV 
P INPUT 





(N1) 


NC—No internal connection, 


schematic 


COMPENSATION 


INVERTING 
INPUT 
NONINVERTING 
INPUT 


OUTPUT 


OFFSET 
NULL 
(N2) 





OFFSET NULL/ 

COomP 

(N1) 

Resistor values shown are nominal and in ohms. 





Copyright © 1979 by Texas Instruments !ncorporated 
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TYPE uA/77C 7 7 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 










Fo yea be ee te eee ee le SN 
[Duration of output short-circuit gee Note a) SSSCSC*C~C~—“~S*~“‘“~*~*~*~*~S*~YSCSCmines 
F Continuous total dissipation at (or below) 25°C freeair temperature (wee NoweS) ——~=SC~*~=“~*~*é*idCS*~C~*«iOSCSC*d 

Operating free-air temperature range 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package | 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voc} and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4, The output may be shorted to ground or either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA777C chips are 
glass-mounted, 
electrical characteristics at specified free-air temperature, VcC+ = 15 V, VCC— = —15 V, Cc = 30 pF 


(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


25°C 
VIO Input offset voltage Rs S50 k2 





MIN TYP MAX | UNIT 


= mv 
mV 












0°C to 70°C 
Average temperature coefficient Re < 50k 0°C to 70°C 4 30 VPC 
a S 
VIO of input offset voltage S 5 
o7 20 
ho Input offset current ; a nA 
0°C to 70°C | OT 
Average temperature coefficient 0°C to 25°C 20 +600 
A110 7 3 pA/ C 
of input offset current 25 Cto 70 C 10 300 


lip Input bias current 


25°C | 5100 |S, 
n 


Common-mode input 7 m 
VicR 0 Cto70C +12 +13 V 
voltage range 
‘7 Maximum peak-to-peak Ri =10k2 0°C to 70°C 2 28 ’ 
OPP output voltage swing RE =2k2 0°C to 70°C 0 26 


25°C 
0°C to 70°C 
25°C 
25°C 
25°C 
0°C to 70°C 


_ ht 
Ss 
3 
< 


;: Supply voltage rejection ratio 
ove (AVoc/AVio) 


los Short-circuit output current 


M2 

2 

pF 
150 | pV/V 


+25 
1.9 ; 


voltage amplification Ry 2 2kQ 
Vj 
fo 
i 


~ 
io] 
ie) 


2 
95 
Rs < 50k2 0°C to 70°C 15 


25°C 





Gi wt Gd 
WwW] Ww] 


mA 
25°C 
No load, 3 
Supply current : oC ? mA 
No signal - 
| 





T All characteristics are speciffed under open-loop operation. 
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TYPE uA777/C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 





operating characteristics, Vcc+ = 15 V, Voc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


V, = 20 mV, 
Rise time R_=2k2, 
C. = 100 pF 


Overshoot factor 


Slew rate 





PARAMETER MEASUREMENT INFORMATION 


INPUT 





INPUT VOLTAGE Cc 
WAVEFORM TEST CIRCUIT 


FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 





DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 500 mw 11.0 mw/°C 105°C 
J (Glass-Mounted Chip) 500 mw 8.2 mW/PC 89°C 


PACKAGE 


JG (Alloy-Mounted Chip) 500 mw 8.4 mW/C 90°C 
JG (Glass-Mounted Chip) 500 mw 6.6 mW/C 74°C 
N 500 mW 9.2 mW/C 96°C 
P 500 mW 8.0 mW/°C 87°C 


Also see Dissipation Derating Curves, Section 2. 
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TYPE wA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 





TYPICAL CHARACTERISTICS 


PULSE RESPONSE WITH 
FEED-FORWARD COMPENSATION 


10 kQ 





150pF Cco=5pF 





Vo—Output Voltage—V V j—Input Voltage—V 


0 1 2 3 4 5 6 7 


t—Time—ps 
FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN 
FIGURE 2 AND FEED-FORWARD COMPENSATION 





TYPICAL APPLICATION DATA 


Vo 7 R2 
Vy R1 
R1°30 pF 
CC a a5 
Rit+R2 
RieR2 
R3 Se 
R1+R2 





5.1M2 SS 


FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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SELECTION GUIDE 





VOLTAGE COMPARATORS 


Military Temperature Range:(—55°C to 125°C) 













RESPONSE TIME 





POWER SUPPLIES | DEVICE | PACKAGE 










12 V,-3 Vto -12 V{_ LM106 
15V,-15V LM111 
15V,-15V TL111 
2V to 36V TL331M 
12V,-6V TL510M 
12V,-6V TL710M 
12V,-6V TL810M 
12V,-6V uA710M 
2Vto36V LM193T 
40,000 TYP 40 MAX 12 V,—3 V to -12 V} TLS506M 
10,000 MIN 80 MAX 12V,-6V TL514M 
10,000 MIN | 0. 80 MAX 12V,-6V TL820M 


ee 8,000 MIN | 0.5| 80 MAX 12 V,-6V TL8iiM | oJ,U 
Sas | 00s |oonoorve |e | avo ve [2 v wae eae? | aw [a0 
rae tar} sp tarsfamncorve De [aeons —avresey—p rossen| aa 


Automotive Temperature Range (—40°C to 85°C) 


aes ee 100,000TYP | 6 | 1300TYP | 2vto36v | LM2go3t 
0.25 100,000 TYP 1300 TYP 2V to 36V LM2901T! J, x 
0.5 30,000 TYP 1300 TYP 2Vto28V LM3302t}] J,N 217 


T Capable of operating with a single 5-volt supply. 





140 TYP 
210 TYP 
1300 TYP 
80 MAX 
40 TYP 
80 MAX 
40 TYP 
1300 TYP 











J, JG,N,P; 219 

















10,000 MIN 
500 MIN 
10,000 MIN 
1250 MIN 







































WWW OIN OOWwWo f AB WwW 
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SELECTION GUIDE 





VOLTAGE COMPARATORS 


Industrial Temperature Range (—25°C to 85°C) 


lo owes fcc fa 
uA Avp mA DEVICE 
MAX MIN 
7 40,000 TYP | 16 
0.2 8 
0 6 
6 


40 MAX 12 V,-3 Vto —12 V} LM206 195 
‘ 200,000 TYP 140 TYP 15V,-15V LM211T 201 
.025 | 200,000 TYP 1300 TYP 2V to 36 V TL3111T 223 
0.025 | 200,000 TYP 1300 TYP 2V to 36V TL3311T 223 
rs | 0.005] 200,000Tve | 6 | 1g00Tve | 2viosev | asst | uc.p | an 
rs [0.05 |200,000Tve | 6 | 1g00Tve | 2vtosev | tmasot | a. | 200 
rs | 0.025] 200,000Tve [6 | 1g00Tve | 2vwoxev | Tisae?] an | 225 














RESPONSE TIME 


ns 





POWER SUPPLIES 



































































40,000 TYP 28 TYP 12 V, —3 V to-—12 V| LM306 J, JG,N,P 



















































200,000 TYP 165 TYP 15 V,-15V LM311t J, JG,N,P 
200,000 TYP 210 TYP 15V,~-15V TL311T N, P 
200,000 TYP 210 TYP 15V,—15V TL311AT] N,P 
200,000 TYP | 6 1300 TYP 2V to 36 V TL331CT| JG,P 
8000 MIN | 0.5 80 MAX 12V,-6V TL510C J, JG,N,P 
500 MIN 40 MAX 12V,-6V TL710C J, JG,N,P 
8000 MIN | 0.5 80 MAX 12V,-6V TL810C J, JG, N,P 








40 TYP 
1300 TYP 


1000 MIN 12V,-6V uA710C 
200,000 TYP 2V to 36V LM393T 

12 V,-3 Vto—12 V | TLS506C 
12V,-6V TLS514C 


1.6 
; 6 
: 40,000 TYP 28 TYP 
i 8000 MIN 0.5 80 MAX 
30 8000 MIN 0.5 80 MAX 12V,-6V TL820C 
| 6 
| 6 


J, JG,N,P 





















7.5 
ee ee ee ee | 5000 MIN 33 TYP 12V,-6V TLgioc | J,JG,N,P 
Fauea | 025] 8 | 0.08 [200,000 ve | 6 | 1300 TVP 
Cee a 


TCapable of operating with a single 5-volt supply. 





ae 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 





Input Offset Voltage (Vio) 
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (ayo) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


(Vio @ Ta(1)) — (Vio @ TaA(2)) 


ul TA(1) — TA(2) 


where TA(1) and TA(2) are the specified temperature extremes. 


Input Offset Current (Io) 
The difference between the currents into the two input terminals with the output at the specified level. 
Average Temperature Coefficient of Input Offset Current (a110) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


_ | Mlio @ Tait) — (Ho @ TA(2)) 


a 
ne TA(1) — TA(2) 


where TA(1) and TA(2) are the specified temperature extremes. 


Input Bias Current (1B) 
The average of the currents into the two input terminals with the output at the specified level. 
High-Level Strobe Current (Ij}4(s)) 
The current flowing into or out of” the strobe at a high-level voltage. 
Low-Level Strobe Current (Ij, (s)) 
The current flowing out of” the strobe at a low-level voltage. 
High-Level Strobe Voltage (Vi H(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the 
operation of the comparator. 


Low-Level Strobe Voltage (VjL_(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low, 
as specified, independently of the differential inputs. 


Input Voltage Range (V}) 
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 


*Current out of a terminal is given as a negative vajue. 
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| GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 





Common-Mode Input Voltage (Vic) 
The average of the two input voltages. 
Common-Mode Input Voltage Range (Vicr) 
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 
Differential Input Voltage (Vip) 
The voltage at the noninverting input with respect to the inverting input. 
Differential Input Voltage Range (Vip) 


The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 


Differential Voltage Amplification (Ayp) 


The ratio of the change in output voltage to the change in differential input voltage producing it with the 
common-mode input voltage held constant. 


High-Level Output Voltage (VoH) 


The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 


Low-Level Output Voltage (VoL) 5 


The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 





High-Level Output Current, (lop) 


The current into” an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-Level Output Current, (IoL) 


The current into” an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Output Resistance (rg) 
The resistance between an output terminal and ground. 
Common-Mode Rejection Ratio (kcjR, CMRR) 
The ratio of differential voltage amplification to common-mode voltage amplification. 


NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in 
input offset voltage. 


*Current out of a terminal is given as a negative vajue. 





TEXAS INSTRUMENTS 193 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 





Supply Current (Icc+, I¢c—) 


The current into” the Vcc+ or Vcc— terminal of an integrated circuit. 


Tota! Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+* Ilcc+ + Vcc—° Iec_. 


Response Time 


The interval between the application of an input step function and the instant when the output crosses the logic threshold 
voltage. 


NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 
case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required to 
bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. 


Strobe Release Time 


The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its 
active logic level to its inactive logic level. 


*Current out of a terminal is given as a negative value. 
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LINEAR TYPES LM106, LM206, LM306 


INTEGRATED 
CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBES 


BULLETIN NO. OL-S 11586, JANUARY 1972—REVISED OCTOBER 1979 





e Fast Response Times e Strobe Capability 
e Improved Gain and Accuracy e Short-Circuit and Surge Protection 
e Fan-Out to 10 Series 54/74 TTL Loads e Designed to be Interchangeable with National 


Semiconductor LM106, LM206, and LM306 


description 


The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance high- 
sink-current (100 mA) output, and two strobe inputs. These devices detect low-level analog or digital signals and can 
drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is provided. 


The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high 
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is 
controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 


The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is 
characterized for operation from —25°C to 85 C, and the LM306 from 0°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE JG OR P DUAL-IN-LINE | 
(TOP VIEW) PACKAGE (TOP VIEW) 


OUT- 
NC NC NC Vcc+ NC PUT STROBE 2 


NC GND NON- INV NC Vec— STROBE 1 GND NON. INV Vcc_ 


INV INPUT 
INV INPUT 
INPUT INPUT 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2. 1. 1 ww ee ee ew te we we ee we ew ee ee we ww) 61 
Supply voltage Vcc— (see Note 1) 2... 1 ww ee ee ee tee ee ew ee wt ee ee ee ew) UM 
Differential input voltage (see Note2) «ww ww ke ee te et ee ee ee ee ee ee 6K 
Input voltage (either input, see Notes 1and3) ........ 6 6 © e ee ee ee ee eos STV 
Strobe voltage range (see Note 1). ww wk ek ek kk ke kk kk ee OV to Vcc+ 
Output voltage (see Note 1) bf 2s, See whe Sas ew oh Shanks Ah “a, ce To Goan ne Thc HE ce es oes Pe ee SE 
Voltage from output to Vcc— She crit a ins as « ed ity Wet ws A as cies See HE tae Pe A A A ee 
Duration of output short-circuit (see Note 4) a Glass. <> eh. ow. She et EDS 
Continuous total power dissipation at (or below) 25° °C free-a -air temperature (see Note 5) ae Sa ae . . 600 mW 
Operating free-air temperature range: LM106 Circuits ........ 2.2. 6. 0. + ee eee —55° C to 125° C 
LM206 Circuits ........ 2... 2.4 4 2.4 4 . 25°C to 85°C 
LM306 Circuits ..... 2... ee ee ee ew ee ee 6OC to 70°C 
Storage temperature range. . ea ee . 65°C to 150°C 
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds: J, JG, or W package eee Cee ere a 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: NorP package ..........4. Wor eee 260°C 
NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vcc_., are with respect to the network ground 
terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, M106 chips are 


alloy-mounted; LM206 and LM306 chips are glass-mounted. 
Copyright © 1979 by Texas Instruments Incorporated 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, Vcc— = —3 V to —12 V (unless 
otherwise noted) 


LM106, LM206 
PAR E t ———— 
AMETER TEST CONDITIONS TYP MA 
VIO Input offset voltage Rg < 200 2 See Note 6 20 
‘ Full range 


Average temperature 
ayigq coefficient of input 
offset voltage 















LM306 
MIN TYP MAX 


= 
2 
x 


io) 

o 

m 

N 
Cc 
cs 
Cs | 


| 






Rg = 502, See Note 6 Full range 







w 
—_ 
°o 
—_h 
= 
o 


lio Input offset current 


9] jo 
a Oe 
WIN FO 


Average temperature 75 


25°C 
See Note 6 
MAX 
MIN to 25°C 
ano coefficient of input 
offset current 25°C to MAX 


MIN to 25°C 
1B Input bias current Vo=05Vto5V 25°C to MAX 














_ 
on on 
NJ 
oO 
NO 
ae 
—_ 
oO 
oS 
po) 
> 
— 
fe] 
O 


as 

1 
Full range =1.78=32| mA] 
CVinis) High level strobe voltage | SSSSSS*Y Sra 
TVWitis) Low-level strobe voltage_|__—————S—SSSCSCSCS—S ‘trang SC 


Common-mode input 
voltage range 


Differential input 
A Large-signal differential No load, ° 
VD voltage amplification Vo =05Vto5V 
High-level Full range 
V =— 
OH output voltage 'OH SOE Vip =8mvV Full range 


Vecc—=-—7Vto-12V Full range 


I+ 
oO 


TN) 
1+ He N 
ol on N 
N 
Gt 


VICR 


+ 
oi 


< 
< 3 |< < [<|< 
< 


NO 
o 
ao 
ol 


N 
ol 








~ 2.5 5.5 
Vip=-smv| ac] SCS] C*”Y 
aa Vip =—5 mv] 25° 
Ont p= =revpareO—~—~—CSSSSC“‘“‘C OSC 
Low-level Vip==Smv[ Full range | SSC CCCs 
V ss ID g 
ie 
OL = 18MA [Wp =-8mv] Fullrange SOS SSO 
MIN to 25°C a a 
Vig=smy LMINt0 25°C. 
High-level : 25°C toMAX| too SCS 
{ V be Oo 
OH output current OH SB 1020 Tip=7mv | MiNto2sc]—SSSsidTSCtC~=it S| 
Vip=amv_| 2°CtoMAX| «dt S~S~SCS~«O 
ccs Supply current from Ves | Vip ==5 mV, No load Fullrange__| 668 10] 66 10] 
lcc—_ Supply current from Vcc Full ange =1.95-36 





TUnless otherwise noted, all characteristics are measured with the strobe open. 
§ These typical values are at Vocy = 12 V, Voc_ = —6 V, Tay = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is 
—25°C to 85°C; and for LM306 is OC to 70°C. 
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo ,) or 
up to the high range (Vop)- Thus these parameters actually define an error band and take into account the worst-case effects of 
voltage gain and input impedance. 


switching characteristics, VcC+ = 12 V, Vcc— = —6 V, TA = 25°C 


LM106, LM206 LM306 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX|MIN TYP MAX 


Response time, low-to-high-level output RL = 390 2 to5V, C_ =15pF, See Note 7 28 40 LO Bae ene | 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 










the instant when the output crosses 1.4 V. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





schematic 





NONINVERTING O 


INPUT 
OQ OUTPUT 
INVERTING 
INPUT 
Y GND 
Vcc~— O 


Resistor values are nominal in ohms. 


TYPICAL CHARACTERISTICS 





INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec+ =12V Voc+=12V 
Vec—=-6V Vec—=—-6V 

<{ Vo =05Vto5V Vo =05Vto5V 
= < 

| = 

€ i 

® Cc 

= © 

5 5 
= 6 

@ nn 
a 2 
G . 

~ J 

BL Tene SR 
Cc — 
£ LM206t = 

: 24 | at SN 

—75 -50 -25 0 25 50 75 100 125 —75 -50 -25 0 25 50 75 100 125 
TaA—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


{Data for free-air temperatures below —25°C and above 85°C is applicable for LM106 only. 
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VOH—High-Level Output Voltage—V | 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS * 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 















Vect+ = 12 V. 
Vcc— =-3 V to -—12 V 


| Vec+ = 12 V 
Vec—=-3 V to —-12 V 
Vip =—5 mV 


IOL = 100 mA 


ee ae a 


lol =16mA 





VOL—Low-Level Output Voltage—V 
° 
o) 


loL =0 








ee ae a 
—75 -50 -—25 0O 25 50 75 100 125 ~—/7/5 -—50 —25 0 25 50 $75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 3 FIGURE 4 
OUTPUT CURRENT 


vs 
DIFFERENTIAL INPUT VOLTAGE 


VOLTAGE TRANSFER CHARACTERISTICS 


Ai IN 


tare] [| [JN ta-25%e 


!9—Output Current—A 


> 
pL EE Xra=20re 


Vo—Output Voltage—V 





—+5 -4 -3 —2 -1 0 1 2 3 
Vip—Differential Input Voltage—mV 
FIGURE 6 





Vip—Differential Input Voltage—mV 
FIGURE 5: 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





Avyp-—Differential Voltage Amplification 


Differential 
Input Voltage 


Vo—Output Voltage—V 





—75 -55 -25 O 25 50 75 





TYPICAL CHARACTERISTICS? 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 


FREE-AIR TEMPERATURE 


Vec— =-3 V to —12 V 
Vo =1to2V 


100 125 


Ta—Free-Air Temperature—C 
FIGURE 7 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


=12V 


Cy = 15 pF 
Ry = 390 2to5V 
Ta =25°C 


t—Time—ns 
FIGURE 9 


los—Short-Circuit Output Current—A 


Differential 


Vo—Output Voltage—V 





—75 -50 -25 0 25 50 75 


Input Voltage 





SHORT-CIRCUIT OUTPUT CURRENT 


vs 
FREE-AIR TEMPERATURE 


Vec+ = V9 = 12 V 
Vec—=-6V 

Vip =-—5 mv 

See Note 8 


100 125 


Ta—Free-Air Temperature—C 
FIGURE 8 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Vcoc+=12V 
Vcc— =-6V 

Cr = 15 pF 

Rp = 390 2to5V 
Ta = 25°C 


0 20 40 60 80 100 


t—Time—ns 
FIGURE 10 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 


NOTE 8: This parameter was measured using a single 5-ms pulse, 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS * 


SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc— 
vs vs 
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc— 


> 
= 
Te) 
| 
i 
= 
> 


5 mV 


[CcC——Supply Current from Vcc_—mA 


lcc+—Supply Current from Vec+—mA 


VID 





0 -2 -4 -6 -8 -10 -12 -14 -16 


Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 


VS 
FREE-AIR TEMPERATURE 
120 
Vcc+ =12V 
DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 

RATING FACTOR Ta 
J (Alloy-Mounted Chip) 600 mw 11.0 mwW/C 
J (Gtass-Mounted Chip) 600 mw 8.2 mW/C 
JG (Alloy-Mounted Chip) 600 mW 8.4 mWPC 


100 
PACKAGE 


JG (Glass-Mounted Chip) 600 mW 6.6 mW/C 
600 mW 9.2 mW/C 
600 mW 8.0 mW/C 
600 mW 8.0 mw/C 


a 
© 





Pp—Total Power Dissipation—mW 
ND [op] 
oO oO 





—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C 


FIGURE 13 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM30O6 is not applicable for those types. 
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LINEAR TYPES LM111, LM211, LM311 


INTEGRATED DIFFERENTIAL COMPARATORS WITH STROBES 
CIRCUITS 





BULLETIN NO. DL-S 11797, SEPTEMBER 1973—REVISED OCTOBER 1979 


e Fast Response Times e Maximum Input Bias Current. ..300nA 


® Strobe Capability e Maximum Input Offset Current... 70nA 


e Designed to be Interchangeable with National e Can Operate From Single 5-V Supply 
Semiconductor LM111, LM211, and LM311 


description 


The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to operate from 
a wide range of power supply voltage, including +15-volt supplies for operational amplifiers and 5-volt supplies for logic 
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of 
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads referenced to ground, Vcc+, or VCC—. Offset balancing and strobe 
capability are available and the outputs can be wire-OR connected. If the strobe input is low, the output will be in the 
off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as 
sensitive to spurious oscillations. 


The LM111 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM211 is 
characterized for operation from —25°C to 85°C, and the LM311 is characterized for operation from 0°C to 70°C. 
terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


NC Voc+ NC 


INt+ IN— Vcc— 





NC—No internal connection 


schematic 


Vcc+ 


B Balance 

B/S Balance/Strobe 

Cc Collector Output 

E Emitter Output 

IN+ Noninverting Input 

iN— Inverting [Input 

NC No Internal Connection 
c Vcc+ Positive Supply Voltage 

Vec~— Negative Supply Voltage 





Resistor values shown are nominal! and in ohms. 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


[oir 


Supply voltage, Vec+ (see Note 1) 


Supply voltage, V¢c— (see Note 1] | is | 8 | -t8 Tv 
Differential input voltage (see Note 2) +30 +30 


















V 

V 
bed 
raw 






Voltage from collector ourput to Veg SSS | 
[Duration of output shortcireut eo Nowa) ————SSSCSC~“~‘C*‘“~‘“~*s*~*~*~‘“SSCt tt 
[Continuous total dissipation at (or below! 25°C free-air temperature Gee Notes) | 500 | 600800 min 
°c 
°c 


NOTES: 1, All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc; and Vcc_. 


1 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 volts, whichever is less, 

4, The output may be shorted to ground or either power supply. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM111 
chips are alloy-mounted; LM211 and LM311 chips are glass-mounted. 


electrical characteristics at specified free-air temperature, VCC: = +15 V_ (unless otherwise noted) 


LM111, LM211 LM311 

PARAMETER TEST CONDITIONST iN TVOEMASCIMINL TVPEROL OO 

icy cdpeueeiie clone Baceuie Bama ’ 
oe . | Full range | : 

fee. nbiReteteaie Serer: J arc | 4 tof OY 
3 it : | Full range | : 
Full range 

NB 


Input bias current V 1Vto14V is 100 we 250 A 
eee, oiethiaead | Full range | : 
Full range 


y Common-mode input Eull 4A 
e@ + 
ICR voltage range cai 
Large-signa} differential . 
AvpD a vorore Vo =5Vto35V, RE =1kQ 25 C 40 200 40 200 V/imvV 
voltage amplification 
[reer | 


0216 
Vip =5 mv, VoOH = 35 V 
TT ae ee 2 
Vipsiomy Vvoysaev | ae | 0 na 
Vip = =5 mv 075 15] 
lor = 50mA - 
vipe=1omv[ 28° [ or 


\l range 
Supply current from V . 
loos aw “ Vip=—-10mV, No load 5.1 G 5.1 7.5 
output low 
Supply current from Vec_, 
hices oe le Vip=10mV, ——-Noload 25°C aAG 25 41 —5] ma 
output high 


T Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded, 

- Full range for LM111 Is ~55°C to 125°C, for LM211 is —25°C to 85°C, and for LM311 is O°C to 70°C. 

Fan typical values are at Tp = 25°C, 

NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 
1 V with a pull-up resistor of 7.5 k2 to Voc+. Thus these parameters actually define an error band and take into account the worst- 
















High-level (collector) 
output current 



















Low-level (collector-to-emitter) 
output voltage 





case effects of voltage gain and input impedance. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 





switching characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 


Response time, fow-to-high-level output 








saa emt is 





Response time, high-to-low-level output 





NOTE 7: The response time specified Is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. , 





TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
“VS ‘ VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 









Vecs+ = +15 V 
Vo=1Vtol4V 
See Note 8 


Vo=1Vto 4V 
See Note 8 





1;O—Input Offset Current—nA 
ljg—Input Bias Current—nA 





—60—-40-—20 0 20 40 60 80 100 120 140 —60—40-20 0 20 40 60 80 100 120 140 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
Vans +V = 50 V (LM111, LM211) 
CGEn ony. 40 V (LM311) 


VOLTAGE TRANSFER CHARACTERISTICS 


Vect = 215 V LM111 . 
LM211t VID | 


Peed Pe 1kQ2 
OUTPUT 


| 
| 
1 
| 
cm 


COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 
Vec+ = 30 V 


Vo—Output Voltage—V 





—1 —0.5 0 0.5 1 
Vip—Differentia! Input Voltage—mV 





FIGURE 3 = 
EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 
t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
NOTE 8: Condition 1 is with the balance and balance/strobe terminals open, Condition 2 is with the balance and balance/strobe terminals 
connected to Vcc}. 
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TYPES LM111, LM211, LM3i1 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDARIVES 


is el een aaa 
| froomy | | 
ie a 


Vect = t15V 


Re = 600 2 tov 
emi: 









Vec+ = 15 V 5V 


Differential 
Input Voltage 
Differential 
Input Voltage 





























> 5 = 5 
| 
s 4 @ 4 
> 3 $3 
s ~ 
2 a2 
fo) 6 
t 4 1 
ro) | 
> 2) 
0 > 0 
0 50 100 180 200 250 300 350 0 50 100 150 200 250 300 350 
, t—Time—ns t-—Time—ns 
FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND 5 FIGURE 5 
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
7 (ee a 
ee seul ey Vecs = 15 V gel ee 
® Vcec+ =t168V ° 
piven ey 88 [Tom TTT TT 
=- @ ae. = 
Pike = uly Re =2kQ to -15 V 
Ls . 
Sua eA cal . tee 
4,” na ann Sena 
av 
4" pase = ww 
rr.) > 
oa (ALA ea _— | 
: an Pec EF seh date Need ie 
a 73 6 -5 
| 
Bos fb fob ba aes 
—15 ee Eley —15 IN 
0 0.2 04 06 08 1.0 1.2 1.4 16 18 0 0.2 04 0.6 08 1.0 1.2 1.4 1.6 18 
t—Time—ps t—Time—ps 
FIGURE 6 TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7 
OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc_ 
vs vs vs 
OUTPUT VOLTAGE SUPPLY VOLTAGE Voc+ SUPPLY VOLTAGE Vcc- 


Vocs = +15 V 
t= 10s 
Vip 2-10 mv 


Vip = 10 mV or —10 mv 
Ta =25°C 
No load 


lQ—Output Current—-mA 
Pg—Output Dissipation—mW 
Icc+—Supply Current from Voc+—mA 
Icc-——Supply Current from Voc——-mA 





0 -5 —10 -15 
Vcoc——Negative Supply Voitage—V 








Vo—Output Voltage—V Vcc+—Positive Supply Voltage—V 
FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES LM1ti, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL APPLICATION DATA | 


Vcc+ 


SQUARE WAVE 
OUTPUT 
(Fan-out to two 
Series 54 gates 
or equivalent) 






FIGURE 11~—100-kHz FIGURE 12 
FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING 
Vcc+ 


240 k22 
INPUTT 


20 kS2 


OUTPUT 





tT Resistor values shown are for a O-to-30-V logic swing and a 
Vec-— 15-V threshold. ; 

May be added to control speed and reduce susceptibility 
to noise spikes. 


FIGURE 14—ZERO-CROSSING DETECTOR FIGURE 15-—TTL INTERFACE WITH HIGH-LEVEL LOGIC 





OUTPUT 


TO TTL 
OUTPUT 


50 kQ2 





MAGNETIC 
TRANSDUCER 
FIGURE 16—DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17—100-kHz CRYSTAL OSCILLATOR 
FROM D/A NETWORK 
Mec UC ( (tt(‘C;O!*#*”!”™””™””O””O 


1N4001 


ANALOG 
INPUT 





TTL STROBE 





Typical input current is 50 pA with inputs strobed off. 
FIGURE 18—COMPARATOR AND SOLENOID DRIVER FIGURE 19—STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 
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TYPICAL APPLICATION DATA 


Veo+"5V 


OUTPUT 





Vec~ = -10V 
FIGURE 20—LOW-VOLTAGE FIGURE 21— ZERO-CROSSING 
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC 


Veo+ 2 5 V 


1kQ 


TTL 


OUTPUT OUTPUT 


INPUT 
FROM 











TTL 
t Adjust to set clamp level. 
FIGURE 22—PRECISION SQUARER FIGURE 23—DIGITAL TRANSMISSION ISOLATOR 
Vec+ * 15 V 
Vec+ 2 15 V 
INPUT 
OUTPUT OUTPUT 
Vec— 2-15 V 
FIGURE 24— POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL APPLICATION DATA 


OUTPUT 


2N3708 ¢€ TO TTL 







2N3708 
1kQ 





TR1 sets the comparison level. At comparison, the photo- 
diode has less than 5 mV across it, decreasing dark current 
by an order of magnitude. 


t Transient voltage and inductive kickback protection. 


FIGURE 26—PRECISION PHOTODIODE COMPARATOR FIGURE 27—RELAY DRIVER WITH STROBE 





REFERENCE 


OUTPUTS 


INPUT 





FIGURE 28—SWITCHING POWER AMPLIFIER FIGURE 29—SWITCHING POWER AMPLIFIERS 
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LINEAR 


INTEGRATED 
CIRCUITS 







TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 12236, MARCH 1975—REVISED OCTOBER 1979 








e Single Supply or Dual Supplies -  @ Low Input Offset Voltage ...2mV Typ 
e Wide Range of Supply Voltage e Common-Mode Input Voltage 
. 2 to 36 Volts Range Includes Ground 
e Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
..0.8 mA Typ Supply Voltage... .+36 V 
e Low Input Bias Current...25nA Typ e Low Output Saturation Voltage 
e Low Input Offset Current e Output Compatible with TTL, DTL, 
. 3nA Typ (LM139) MOS, and CMOS 
schematic (each comparator) oa pig ao ehe Ace 


Vv 
Vee (TOP VIEW) 







80-nA 


CURRENT -—) Vec+) 
REGULATOR COMPARATOR COMPARATOR 
NO.4 NO3 
eee, 
OUTPUT OUTPUT NON NON 
COMP COMP INV INV. INV. INV 
NO.3. NO.4 GND INPUT INPUT INPUT INPUT 
NONINVERTING, > OUTPUT 
INPUT 
INVERTING. 
INPUT 


Current values shown are nominal. 


description 
P . ; OUTPUT OUTPUT V INV. NON- — INV 
These devices consist of four independent voltage COMP COMP CC INPUT INV. INPUT 
comparators that are designed to operate from a NO.1  NO.2 ome FR 
single power supply over a wide range of voltages. | con Or al 
Operation from dual supplies is also possible so long ; 





as the difference between the two supplies is 2 volts 
to 36 volts and pin 3 is at least 1.5 volts more positive 


than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be 
connected to other open-collector outputs to achieve wired-AND relationships. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ww ee ee Sscthothe Bin gods owtcarate es ere caret ye eared tare etek 36 V 
Differential input voltage (see Note 2) 


rer tr eee tra eae a ae ae 1 GUIS cs, be ah mt a Be tee ate, SECO 
input voltage rande (either InpUt). | és. b225-4-S<o8 44 ewer Oe Sete Sawa oe Bee —0.3 V to 36 V 
OUTAUE VOLTAGE: ek 828 See iee ace oe a eb Y decd te Waa Gi ee ae eave OE eae Sa a oe in ea ee Ss 36 V 
OUIBULCURENT. «249% 6 ees bei eee awed Sane We ets & ES wore ey a le ee eee 20 mA 
Duration of output short-circuit to ground (see Note 3) ww ee ee ee ee eee unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note4) ..........0 ee eee 900 mW 
Operating free-air temperature range: -LM139 ........0 2c eee ee eee Dater evade ui denerat —55°C to 125°C 
| LM2 80?» is fac dara eahtnca Wy a fcaNacee aan Agee tl Meee ere eens act —25°C to 85 C 
LM339 ....... Se ee ee Re ne rere one nea 0°C to 70°C 
Storage Temperature-range:  _ -o-< 64h sae d-dh ew a eee RA Sw les BES ECE Bere OR we —65 C to 150° C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JorW package .........2 ee ee ee ees 300° C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package «1... i ee ee ee ee ees 260°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4, 


For operation above 25°C free-air temperature, refer to Bisspeve Derating Table. tn the J package, LM139 chips are alloy- 
mounted; L.M239 and LM339 chips are glass-mounted., 
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TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


LM139 LM239, LM339 

PARAMETER ‘TEST CONDITIONST Sa “AVET iC MIN GAN UNIT 
Veg=5V t030V, wo | 2 5] 2 | 

Vio Input offset voltage cc eae | 25'c mV 
Vic=Vicn.Vo=14v [Falla] SSC LCSC~*S 

{ase [oO 

lio Input offset current Vo=14V Full range | nA 

Fullrange} OO | «iB 

IB 


1 Input bias current See Note 5 | 28°C A 


; Oto 0 to 
25°C 
Common-mode input Vec=2V to 36V Vec—1.5 Vec—1.5 V 

VOH= 5V 25°C 

OH ~_—s High-level output current |} Vip =1V |Von= SV] 25°C 

VOH = 30V | Full range 

OL Low-level output current | Vip =—-1V, Vo_=1.5V 

TFull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is —85 °C to 125°C, and for the LM339 is O°C to 70°C. 


i) 
Oo 
et Mee ee os 0 to 0 to 
voltage range Full range 
Vcc—2 Vec-2' 
Large-signal differential | Vcc = 15V, 
Avp peta as 25°C V/imV 
voltage amplification RL=15k2toVcc 
| SReCCEN | SemeCTNNE! 
parc | 50 S00 | 250500 
V Low4evel output voltage | Vin =-—1V, | =4mA mV 
OL P ge | VID OL Full range 700 
1 
Supply current 
Icc ore No load 25°C 
(four comparators) 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 



































_ VICR. 





switching characteristics, Vcc =5V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Response time with 5-mV overdrive 
Fey includes probe and jig capacitance. 


NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


















Re connected to 5 V through 5.1 kQ, 
CL=15pF * SeeNote6 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 900 mW 11.0 mw/PC 


PACKAGE 


J (Glass-Mounted Chip) 900 mW 8.2mW/C 
N 900 mW 9.2mW/C 
w 900 mW 8.0 mWPC 





Also see Dissipation Derating Curves, Section 2. 
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‘® Single Supply or Dual Supplies JG OR P 
| DUAL-IN-LINE PACKAGE (TOP VIEW) 


e Wide Range of Supply Voltage 


2 to 36 Volts | COMPARATOR NO. 2 
NON. 
e Low Supply Current Drain | Vect OUT the il 


Independent of Supply Voltage 
..- 0.5mA Typ 


e Low Input Bias Current... 25nA Typ 


e Low Input Offset Current 
...3NA Typ (LM193) 


e Low Input Offset Voltage...2mV Typ 


e Common-Mode Input Voltage OUT. INV we GND 


Range Includes Ground : 
COMPARATOR NO, 1 





e Differential Input Voltage Range 


Equal to Maximum-Rated U FLAT PACKAGE 
Supply Voltage... +36 V (TOP VIEW) 
e L Output S ion Volt AMPLIFIER NO. 2 
ow Output Saturation Voltage 
e Output Compatible with TTL, DTL, 7 7 our Ny Ny 


description 
These devices consist of two independent voltage 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts 
to 36 volts and pin 8 is at feast 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs tc 





achieve wired-AND relationships. nla 
‘absolute maximum ratings over operating free-air temperature range (unless otherwise noted) | 

Supply voltage, Vcc (see Note 1): as <ccccicawiie eo bare OO dhe Soe Wd SEE HE Cee Sield nee We SUS Wie eee we 36 V 
Differential input voltage (see Note 2)......... BPs ibessltateives Sosy ded asso cy Ae BI areas, Sranane dea arunce ia a eee eNaneae aaa ake +36 V 
Input voltage range (either input) ..... Bayon eshte abe 120 ta Me he fo Pei et a deta tas ca eros seh Se son maakt a a Bk —0.3 V to 36 V 
OUT DUT VOlfAGe. <neeese wed ce tn Sd oe wie Wh ai WG ew aa Said yew ee Paes ei eet ew ee enews eas 36 V 
Olitout Curent’ <6. see bd oi ence 5S ee he See Pe aa eek Pee hes eee aes eee tea Rens 20 mA 
Duration of output short-circuit to ground (see Note 3) 2.0... ccc weer cece creme c cnet enter eeeneens unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM293JG,LM393JG..... 825 mW 
LM193JG, LM293P, LM393P..... 900 mW 
. LM193U, LM293U, LM393U..... 675 mW 
Operating free-air temperature range: LM193 ...... cc ce ee cee ete eee eee tenn seeee —55°C to 125°C 
| | EM299, c.ci ven tlptoainbaeesh ate ramiwsaasaeaawe wees: —25°C to 85°C 
EM399 cxuntcvu cede ace enohasagutiade cle aewreaenenes 0°C to 70°C 
Storage tEMperature Tange. «62.5 Swss-ces ear ea a eee ks eae wees esha ee eet wewetamas —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package ......... ee cece eee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P Package - cs iuccado edn Seatac. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM193 chips are alloy- 
mounted; LM293 and LM393 chips are glass-mounted, 
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Also see Dissipation Derating Curves, Section 2. ce . 
T 


TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


LM193 LM293, LM393 
PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 
y i , Vcc = 5 V to 30 V, 25°C 
Input offset voltage 
er . Vic = Vicr: Vo = 1.4 V | Full range 
| Input offset current V 1.4V ze 
re) urren = 
de ‘ 2 Fullrange | 100 
. 25°C -25 —100 —25 —25 
lig Input bias current See Note 5 nA 
Full range | 


m 0 to 0 to 
Vec—1.5 Vec—1.5 
Vec=2V to 36V ce ce Vv 
0 to 0 to 
Full range 
__|Vec-2 Vec~2 
Large-signal differential =15V, a 
Roe en ee ce 25°C 50 200 VimV 
‘ voltage amplification RL =15V to Vcc 
=1V, Von=5v | 2c | oa + on —~«d 
OH = _ High-level output current ie She 
| Vip=1V, Von=30V|Fullrnge | SSCS CP SSCS~S™~S A 
25°C 
V Low-level output voltage |Vip =—1V, | =4mA V 
in ale wie as oe Full range 
OL ' 


I Low-level output current|Vjp =—1V, Vo=1.5V 25°C 


| 

Vec=5V 25°C 
Icc Supply current No load 

Vcc = 30 V | Full range 










oO 
< 


s 


ioe 
N 
o 


N 
oOo 
O 






Common-mode input 






VICR 





voltage range 








< 









-NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 


the state of the output, so no loading change is presented to the input lines. 


switching characteristics, Vcc =5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 


100-mV input step 
: Rx. connected to5 V through 5.1 k,] : 
Response time with 5-mV overdrive 


Ci =15pF * SeeNote6 
L e TTL-tevel input step 





Fe. includes probe and jig capacitance, 
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


DISSIPATION DERATING TABLE schematic (each comparator) 


POWER DERATING ABOVE 
PACKAGE 80-4A 
RATING FACTOR TA 


JG (Alloy-Mounted Chip) 900 mW 8.4 mW/C 






ax 
CURRENT 
REGULATOR \_/ 
JG (Glass-Mounted Chip) 825mw 6.6mW/C 
P 900 mW 8.0 mwWfC 
U 675mW 5.4mwW/C 





INVERTING , 
INPUT 


Current vajues shown are nominal. 
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Cc 
2 
+ 


o OUTPUT 


LINEAR TYPE LM2901 
INTEGRATED QUADRUPLE DIFFERENTIAL COMPARATOR 





CIRCUITS BULLETIN NO, DL-S 12247, MARCH 1975—REVISED OCTOBER 1979 
e Eliminates Need for Dual Supplies @e Common-Mode Input Voltage 
. Range Includes Ground Allowing 
: paar A dhl pply Voltages Direct Sensing near Ground 


e Low Supply Current Drain e Differential Input Voltage Range 


Equal to Maximum-Rated 
Independent of Supply Voltage 3 
wae mA Typ PPIY g Supply Voltage ...+36 V 


e Low Output Saturation Voltage 


e Low Input Bias and Offset Parameters 1 mV Typ at 5 yA 


Input Offset Voltage ...2 mV Typ 


Input Offset Current ...5 nA Typ -..70 mV Typ at 1mA 

Input Bias Current ...—25 nA Typ e Output Compatible with TTL, 
: DTL, MOS, and CMOS 
schematic (each comparator) JOR N DUAL-IN-LINE OR 


W FLAT PACKAGE (TOP VIEW) 











BOA 
CURRENT (= 


COMPARATOR COMPARATOR 
NO.4 
REGULATOR \_/ 


NO.3 






OUTPUT OUTPUT NON NON 
COMP COMP INV INV INV INV 
NO4 GND INPUT {NPUT INPUT INPUT 




















NONINVERTING, > OUTPUT 
INPUT 
INVERTING, 
INPUT 
GND 
o(OR 
Vec—) 
Current values shown are nominal, 
' 7 OUTPUTOUTPUT Vcc NON- INV NON- 
description COMP COMP INPUT INV INPUT INV 







NO.1 NO.2 INPUT INPUT 





The LM2901 consists of four independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages, and the 
low supply current drain is independent of the magnitude of the supply voltage. A unique characteristic of these 
comparators is that the common-mode input voltage range includes ground even when a single supply voltage is used. 





COMPARATOR COMPARATOR 
NO.2 NO.1 






The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. Applications 
include limit comparators, simple analog-to-digital converters, wide-range VCO’s, MOS clock timers, multivibrators, 
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly 
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage,; VCC (see: Note 1). es oe ecw ee eh oe eo a a ae ee we a BEV 
Differential input voltage (see Note 2) . . . 2 1 1 ee ee ee ee te ee ee +36 V 
Input voltage range (either input) . 2... 1 ee ee ee ee ee ee ee ee ew ee we 6270.3 V to 36 V 
Output voltage alah cg ee sit ee Bab? ae, ek Ges Ge, se ete Bee la SEA it ce ee Sa Ve, eo Boas ie see oh oe 4 oO 
Output current .. Ye wie te ae ot ay Re. GEO a es aE ae ae, VON 
Duration of output short: circuit to ground (see Note 3) i ee woe ew ew ew ew we he) 6UUNFIMiIted 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ip hace Bh ne od ee 900 mW 
Operating free-air temperature range . . 1. ww ee ww we tw ee ek ee ee te 40° C to 85° sf 
Storage temperature range . . tee ew ee e))~6=65°C to 150° A 
- Lead temperature 1/16 inch (1,6 arm} from case efor 60 seconds: J or rW package a ee oe oe ake ci. ghee A oat ated . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package, ........ eee rece erences 260°C 
NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal. 


1 
2. Differential voltages are at the noninverting input terminas with respect to the inverting input terminal. 

3. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM2901 chips are glass- 


mounted. 
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TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 





electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


? se a Voc= 5 V to 30V, ag 
nput offset voltage t= = 
2 e i Vic=Vicn-  Vorl4V [Taectwssc | 15 '*| 


ee ee 
\ Input offset current Vo= 1.4 V 
—4ercrossc | 200 


| =25_=260 | 
lip Input bias current See Note 5 = . nA 
—atrcwasc | 800 


0 to 
Vcc —1.5 
0 to 
Vcc -2 






















Input common-mode 
VICR Vcc =2V to 36 V 
voltage range 


Q Large-signal differential Vec=15V, 
VD voltage amplification Ry = 15k2 to Voc 





VimV 















Vip=1V Vo=5V 25°C 
10H High-level output current - s 
| Vip =1V Vo = 30V —40°C to 85°C 
V Low-level output voltage V 1V | 4mA ane mV 
ow-level output volta =—i V, =4m = = 
OL Peers |e os =40°C to 85°C 
(OL Lowlevel output current | Vip=-iv,Vor=18V | asc | 6 16 ~~—=«dSs ma 








icc Supply current 


No load a 3 
Veo=30V | -aerctwoasc | 25 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 
e a . ° o 
switching characteristics, Vcc =5V, TA = 25 C 
PARAMETER TEST CONDITIONS 


100-mV input step 
Response time with 5-mV overdrive 


TTL-evel input step 
ore includes probe and jig capacitance. 
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1,4 V. 













R, =5.1k2 to5V 
CL=15pF * See Note 6. 








TYPICAL APPLICATION DATA 







LOW- 
IMPEDANCE 
TRANSOUCER 


VREF 


BASIC SINGLE-SUPPLY TRANSLATOR 
THERMAL INFORMATION 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR 


PACKAGE 


J (Glass-Mounted Chip) 900 mW 8.2 mwW/C 
N 900 mW 9.2mw/c 
Ww 900 mW 8.0 mw/°C 





Also see Dissipation Derating Curves, Section 2. 
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LINEAR 


INTEGRATED 
CIRCUITS 


@ Eliminates Need for Dual Supplies 





e Wide Range of Supply Voltages 
..- 2 to 36 Volts 


@ Low Supply Current Drain 
Independent of Supply Voltage 
...0.5 mA Typ 


e Low Input Bias and Offset Parameters 
Input Offset Voltage ...2mV Typ 
Input Offset Current...5nA Typ 
Input Bias Current ...—25nA Typ 


schematic (each comparator) 






80-vA 
CURRENT ~— 
REGULATOR 


NONINVERTING, o OUTPUT 
INPUT 


INVERTING , 
INPUT 


Current values shown are nominal. 


description 


The LM2903 consists of two independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages and the 
low supply current drain is independent of the 
magnitude of the supply voltage. A unique character- 
istic of these comparators is that the common-mode 
input voltage range includes ground, even though 
operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital 
converters, wide-range VCOQ’s, MOS clock timers, 
multivibrators, high-voltage digital logic gates, and 
pulse, square-wave, and time-delay generators. The 
LM2903 was designed to directly interface with 
CMOS — where the low power drain of the LM2903 
is a large advantage over standard comparators. 


The outputs can be connected to other open-collector 
outputs to achieve wired-AND relationships. 








TYPE LM2903 


DUAL DIFFERENTIAL COMPARATOR 


BULLETIN NO. OL-S 12412, JUNE 1976—REVISED OCTOBER 1979 





¢ Common-Mode Input Voltage 
Range Includes Ground Allowing 
Direct Sensing near Ground 


e Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ...+36 V 


e Low Output Saturation Voltage 
..-1 mV Typat5uA 
..»/0mV Typ at 1mA 


e Output Compatible with TTL, 
DTL, MOS, and CMOS 


JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


AMPLIFIER NO. 2 


NON- 
OUT- INV INV 
Vec+ PUT INPUT INPUT 





OUT- INV NON- GND 
PUT INPUT INV 
INPUT 


AMPLIFIER NO, 1 


U FLAT PACKAGE 
(TOP VIEW) 


AMPLIFIER NO. 2 


NON 
OUT INV INV 
PUT INPUT INPUT 


AMPLIFIER NO. 1 


NC—No internal connection 
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TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ..........-. ne cee case: yaa dec seh e ge lane rath Sut Scents cas eae We as intr ae 36 V 
Differential input voltage (see Note 2) 6 ww we ee POE in Bod Stead we ade en tac tan ye +36 V 
Input voltage range (either input) 2... ee et te ee —0.3 V to 36 V 
OutputvONage:. nes ti a Ge es oe ae eR SE-B OS i fee lay Was a a ae, Se Gana We We el -te, haa O 36 V 
Output current ........ i ie Be aie oe ys i hidesas Sac’ theca ee Hi, di See ence poten teak oe rac Lo Gas Uk ws Son ce ae A a 20 mA 
Duration of output short-circuit to ground (see Note 3)... 2. 6 6. ee ee ee te unlimited 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 4): LM2903JG/883B ... 900mW 

LM2903 JG ...... 825 mW 

Ppackage ....... 900 mW 

U package ....... 675 mW 
Operating free-air temperature range Saini ae Nik Sees tis ase, he cease hee whee aes es . as . 740°C to 85°C 
Storage température: range’... sae ve ah ee, apa eo Se Ge, ee a ee we ole, a el ee —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package ...... a ee ee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage .......- 22020200080 260°C 


NOTES: 1, All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. Short circults from outputs to Vcc can cause excessive heating and eventual destruction. 
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM2903/883B chips are 
alloy-mounted; LM2903 chips are glass-mounted, 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


VIO Input offset voltage woc= Hh oe er = 1.4V ciel 
Ic ~ YICR- O- !: —40°C to 85°C 

ho Input offset current Vo= 14V Z56 
—40°C to 85°C 

lip Input bias current See Note 5 se 
—40°C to 85°C 


25°C 
Input common-mode 
VICR Vcc =2 V to 36V 
voltage range o ° 
-—40 Cto 85 C 


, Large-signal differential Vec=15V, 
VD voltage amplification Rp =15k2toVcc 
Vip=1V Vo=5V 25°C 
1OH High-level output current — = 
Vip =iVv Vo =30V —40°C to 85°C 
V Low-level output voltage V 1V | 4mA le 
ow-level output volta ee ae =m 3 ° 
OL p 9 ID a —40°C to 85°C 


lol. Low-level output current Vip=-1V, VoL=1.5V 25°C 


Vec=5V 25°C 
Supply current No load - 5 
Vec = 30 V —40°C to 85°C 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


| switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Vi | 
RL= 15k to5V, ee ee 
Response time | with 5<nV overdrive us 


C_=15pF + See Note6 
L . , TTL-evel input step 
FOL includes probe and jig capacitance. POWER DERATING ABOVE 


.. DISSIPATION DERATING TABLE 
NOTE 6: The typical value is for the interval between the input PACKAGE RATING FACTOR Ta 
step function and the time when the output crosses 1.4 V. 
























JG (Alloy-Mounted Chip) 900 mW 


JG (Glass-Mounted Chip) 825 mW 6.6 mW/C 
P 900 mw 8.0 mW/C 
U 675 mW 5.4mwW/C 
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LINEAR | 
INTEGRATED QUADRUPLE DIFFERENTIAL 





TYPE LM3302 
COMPARATOR 


CIRCUITS BULLETIN NO. OL-S 12579, OCTOBER 1977—REVISED OCTOBER 1979 


Single Supply or Dual Supplies °e Low Input Offset Voltage ...3mV Typ 
Wide Range of Supply Voltage © Common-Mode Input Voltage 
. 2 to 28 Volts Range Includes Ground 
e Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
. 0.8 mA Typ Supply Voltage ...+28 V 
Low Input Bias Current...25nA Typ e Low Output Saturation Voltage 
Low Input Offset Current e Output Compatible with TTL, DTL, 
.5nA Typ MOS, and CMOS 


schematic (each comparator) 






0(OR 
80-uA JOR N 
CURRENT (— ween DUAL-IN-LINE PACKAG 
REGULATOR YY Zit 






OUTPUT OUTPUT NON 
COMP COMP INV 
NO.3 NO4 GND 


o OUTPUT 





INVERTING , 
INPUT 


GND 
o {OR 
Vec-) 


description Current values shown are nominal, 


This device consists of four independent voltage 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts 
to 28 volts and pin 3 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 

absolute maximum ratings over operating free-air temperature range (unless otherwise n 





OUTPUTOUTPUT Vcc INV 


NO.1 





NO.2 


Supply voltage, Vcc (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage range (either input) 

Output voltage 

Output current 

Duration of output short-circuit to around (see Note 3) es 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range 

Storage temperature range : . 
‘Lead temperature 1/16 inch (1,6 mm) foie case Sor 60 ‘eacondle J sacks , 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ee 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 


4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, 


mounted. 


COMPARATOR COMPARATOR 
NO.4 


INPUT INPUT INPUT INPUT 


NON- 

comp tomp INPUT INV = INPUT INV 

NO.2 INPUT INPUT 
erence, eevee! 


COMPARATOR COMPARATOR 


E (TOP VIEW) 













NON 
INV INV INV 


INV 


NO.1 





oted) 


28 V 

. £28V 
—0.3 V to 28 V 
28 V 

20 mA 
unlimited 

. . 900 mW 
—40°C to 85°C 
. —65°C to 150°C 
. 300°C 

. 260°C 


LM3302 chips are glass- 
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TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 





electrical characteristics at specified free-air temperature, Voc = 5 V (unless otherwise noted) 


MIN TYP MAX UNIT 





PARAMETER TEST CONDITIONS 















Voc = 5 V to 28 V, Vo=1.4V, 25°C rea eee 

EO. . ye Reve sey vee Vic = VICR —40°C to 85°C ae | 
| ac | S100 
HO? ANDRE Olen Current —4o°ctoss’c | 800 


25°C —25 —500 


| ! i See Note 5 
ee = aPC wae | 000 | 


25°C 
Vec—1.5 
Vcc =2V to 28V 
—40°C to 85°C 


Large-signal differential Vec=15V, 
voltage amplification RL =15k2 to Vcc 










Common-mode input 


VICR 
voltage range 


Avp 25°C 


25°C 
—40°C to 85°C 


25°C 
V Low-level output voltage Vin=-—1V, 1 =4mA 
OL p g ID OL 40°C to 85°C 


loL Low-level output current | Vip=-1V, Vo_L=1.5V 25°C 
Supply current 
icc No load 
(four comparators) 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change Is presented to the input lines. 


IOH High-level output current | Vip=1V, VoH=5V 


25°C 


Oo 

o 

o 
[spe 





| switching characteristics, Vcc = 5 V, TA = 25°C 


100-mV input 
step with 


R, =5.1k2 to 5V 


5 mV overdrive 
CL=15pF + See Note 6 TTL- level 
input 


Response time 


step 


Tore includes probe and jig capacitance. 


NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


J (Glass-Mounted Chip} 900 mW 8.2 mwW/C 40°C 
N 900 mW 9.2mwWPC 52°C 





Also see Dissipation Derating Curves, Section 2. 
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1c 


LINEAR TYPES TL111, TL311, TL311A 
JFET-INPUT DIFFERENTIAL COMPARATORS 
INTEGRATED WITH STROBES 


Cl RC U ITS BULLETIN NO. DL-S 12737, NOVEMBER 1979 





e Fast Response Times e Common-Mode Input Voltage Range 

e Strobe Capability Includes V¢c— 

© Designed to Replace LM111 and LM311 e N-Channel JFET High-Impedance Input 
e Can Operate From Single 5-V Supply 


JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


description 


The TL111, TL311, and TL311A are high-speed 
voltage comparators. These devices use an N-channel 
JFET high-impedance input structure that extends 
the operating range of the common-mode input 
voltage to include the value of the Vcc— supply. 
Designed for a wide variety of applications, the 
7TL111, TL311, and TL311A can be operated over 
a wide range of supply voltage, including + 15-volt 
supplies for operational amplifiers and single 5-volt 
supplies for logic systems. The uncommitted output 
transistor can drive loads referenced to ground, Vcc+, 
or Vcc—. Additionally, it is capable of driving loads TOR OUALZINCLINE 

that require switching up to 50 volts. Outputs can be OR W FLAT PACKAGE (TOP VIEW) 
wire-OR connected. | 





Offset balancing and strobe capability are available. 
lf. the strobe input is low (more negative than 
Vic + 0.3 V), the output will be in the off state 
regardless of the differential input. 





The TL111 is characterized for operation over the 
full military temperature range of —55°C to 125°C. 
The TL311 and TL311A are characterized for 
operation from 0°C to 70°C. 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL111 TL311, TL311A UNIT 


Differential input voltage (see Note 2) 
30 
10 






Vec— to 15 
Le 
Continuous total! dissipation at (or below 25°C free-air temperature (see Note 5) | = 500s | mW | 


=55 to 125 
—65 to 150 


Voltage from collector output to Vcc— a: ae 





n 
ot 
° 
3 
o 
le] 
oO 
oe 
3 
CG 
oO 
= 
is] 
= 
Cc 
“I. 
@ 
= 
oo 
=] 
© 
@ 


Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds J or JG package | = 300 —=SO | Siti 800s—=™s—=*”TT °C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds N or P package a ee 26 








NOTES: 1. These voltage values are with respect to the midpoint between Vcc+ and Vcc_. 
2. Differentia! voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The input voltage must never be more positive than Voc or 15 volts, whichever is less, or more negative than Vcc_. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL111 
‘chips are alloy-mounted; TL311 and TL311A chips are glass-mounted. 
‘Copyright © 1979 by Texas Instruments Incorporated 
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electrical characteristics at specified free-air temperature, VCC+ = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONST 
VIO Input offset voltage Rs S50 kQ, See Note 6 
Full range 
25°C 
Full range 
NB Vo= 


25°C 
Input bias current =1Vto14V 


11L(S) Low-level strobe current 


Vec—=—-18 V to OV, 
Vcc+=5V to 18 V, 
See Note 7 


Large-signal differential 
ee ee Vo =5V to 35V, Rp =1kQ 25°C 
voltage amplification 


Common-mode input 


V 
ICR Voltage range 


tput t 
output curren Vip = 10 mV, VoH =35V 
Vip =-5 nV a 
cial Vip==1omv| ac | —Ss=~—S~—~—SC~‘“~s | =e 
Low-level (collector-to-emitter) ID m . ; : 


output voltage Vip =—-6mV_ | Full range 
Vip =—10 mV | Full range 


Supply current from V ; 
ee CCH Wp = —10 mv, No load 
output low 
Supply current from Vcc_, ° 
Icc— Vip = V N 
CC output high Ip = 10 mV, o load 25 C 


TUnless otherwise noted,-all characteristics are measured with the balance and balance/strobe terminals open and the emitter output is at O volts. 
Full range for TL111 is —55°C to 125 C, and for TL311 and TL311A is OC to 70°C. 
Tau typical values are at Ta = 25°C. 
NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 1 V with a pull-up resistor of 


25°C 
High-level (collector) Vip =5 mV, VOH = 35 V | eo 
Full range 





7.5 k& to Vcc. Thus, these parameters actually define an error band and take Into account the worst-case effects of voltage gain and input impedance. 
7. For Vicr, all voltages are with respect to a common ground (0 V). 
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TYPES TLI11, TL311, TL311A 
JFET-INPUT DIFFERENTIAL COMPARATORS 
WITH STROBES 





switching characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 

<oon a ce eae ee 
Rc = 500 9 to 5 V, CL = 5 pF, See Note 8 

Response time, high-to-low-level output ee 


NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. 



















TYPICAL CHARACTERISTICS 


VOLTAGE TRANSFER CHARACTERISTICS 
60 


Ta = 25°C 
50 TL111 





b 40 | TL311_— 
© 
s EMITTER OUTPUT | \\ 
> 30 R_ = 600 22 . 
| 
a 
5 
9° 20 
O 
> 

10 

0 
—1 —0.5 0 0.5 1 
Vi p—Differential Input Voltage—mV 
FIGURE 1 
Vec+ = 30 V 
Vec+ = 30 V +V = 50 V (TL111) 


40 V (TL311, TL311A) 





1k2 
OUTPUT 
VID | 
COLLECTOR OUTPUT TRANSFER CHARACTERISTIC EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 1 TEST CIRCUIT FOR FIGURE 1 
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LINEAR 
INTEGRATED 
CIRCUITS 


Single Supply or Dual Supplies 


Wide Range of Supply Voltage 
... 2 to 36 Volts 


e Low Supply Current Drain 
Independent of Supply Voltage 
...0.8 mA Typ 


Low Input Bias Current... 


e Low Input Offset Current 
. 3nA Typ (TL331M) 


schematic (each comparator) 





25 nA Typ 






ios 
80-nA 
CURRENT Vec+) 
REGULATOR: 
NONINVERTING Oot 
INPUT 
INVERTING 
INPUT 
GND 
(OR 
Vcc-) 
Current values shown are nominal. 
description 


TYPES TL331M, TL3311, TL331C 
DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 12516, APRIL 1977—REVISED OCTOBER 1979 





Low Input Offset Voltage ...2 mV Typ 


Common-Mode Input Voltage 
Range Includes Ground | 
Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage...+36V _ 
Low Output Saturation Voltage 


Output Compatible with TTL, DTL, 
MOS, and CMOS 


JG OR P 
DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


INV NON GND 


INPUT INV 
INPUT 





NC—No internal connection 


The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts 
and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of the 


supply voltage. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1), 36 V 
Differential input voltage (see Note 2) . t36V 
Input voltage range (either input) —0.3 V to 36 V 
Output voltage 36 V 
Output current 20 mA 
Duration of output short-circuit to around (see Note 3) de ca Hanae, Ge unlimited 
Continuous total dissipation at (or below) 25°C free-air fernueraiure ieee ‘Note 4) sald Bakar ion Acadigh ae Gears eoae 680 mW 
Operating free-air temperature range: TL331M . ~55°C to 125°C 

TL3311 —25°C to 85°C 

TL331C 0°C to 70°C 
Storage temperature range : . —65°C to 150°C 
Lead temperature 1/16 inch (1,6 dara froin’ case sak 60 ‘Seana JG dackade . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL331M chips are alloy- 


mounted; TL331) and TL331C chips are glass-mounted. 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL331M, TL331l, TL331C 
DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


TEST CONDITIONS? TL331M, TL3311 
TYP MAX 
V n Vcc =5V 10 30V, 
10 ‘Input offset voltage cc 
vic = Vicr, Vo = 1.4V Full range 


t Input offset current Vo=1.4V 
|" SEY 
: Sor 


MIN 
; 25°C 
1 tnput bias current See Note 5 
Full range 
Vicr Common-mode input Vec =2V to 36V Vec—1.5 
voltage range Full range 0 to 
Vcc-2 
i Large-signal differential | Vcc = 15 V, 25°C 
VD voltage amplification Ry, = 15 kQ to Vcc 
Vou= ov] ac | On 
1 High-level output current] Vip =1V | Vou= SV | 
ih ears di Von=30V | Fullrange| 


V Low4evel output volta Vipn=-1V, ! =4mA | 280800 | 
ce Lacan acelin [big = Full range 


j Low-level output current | Vip =-1V, Vo. =1.5V P66 6B 





70 
OL 


_ TFull range (MIN to MAX) for TL331M is —55°C to 125°C, for the TL3311 is —25°C to 85°C, and for the TL331C is O°C to 70°C. 


224 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


switching characteristics, Vcc =5V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


100-mV input step 

: Ri connected to 5 V through 5.1k2,} > 
Response time C, =18pF.# See'hiotars with 5-mV overdrive 
L ee TTL-level input step 


FC, includes probe and jig capacitance. 
NOTE 6: The response time specified is the interval between the Input step function and the instant when the output crosses 1.4 V. 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C 


PACKAGE 


JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 47°C 
P 680 mW 8.0 mW/C 65°C 





Also see Dissipation Derating Curves, Section 2. 
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LINEAR TYPES TL336M, TL336I, TL336C 


INTEGRATED HEX DIFFERENTIAL COMPARATORS 
CIRCUITS BULLETIN NO. OL-S 12641, JUNE 1978 











Single Supply or Dual Supplies e Low Input Offset Voltage ...2mV Typ 
Wide Range of Supply Voltage @e Common-Mode Input Voltage 
.. 2 to 36 Volts Range Includes Ground 
@ Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
. 1mA Typ Supply Voltage .. . +36 V 
Low Input Bias Current... 25nA Typ e Low Output Saturation Voltage 
Low Input Offset Current e Output Compatible with TTL,.DTL, 
. 3nA Typ (TL336M) MOS, and CMOS 
schematic (each comparator) JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 
oe COMPARATOR COMPARATOR COMPARATOR 
RENT Vecs) oa NO. 6 ae NO. 5 NO. 4 = 
REGULATOR Vcc INPUT INPUT er INPUT nur Pur ea INPUT INPUT 
NONINVERTING OUTEUT: 
INPUT 
INVERTING 
INPUT 
GND nur INPUT INPUT INPUT (NPUT 
(OR COMPARATOR COMPARATOA 
Current values shown are nominal, Vec-} aha NO. 2 NO. 3 





description 





The TL336 is a hex voltage comparator that is designed to operate from a single power supply over a wide range of 
voltages. Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 


36 volts and Vcc is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent 
of the supply voltage. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1)... ww kk ee ee ke ee ew eee we) 68BV:, 
Differential input voltage (see Note 2) a ee. eo Sine «de <ly aR  Se  ae Ae Ct ais Ges Be ee, a Be ee OO 
Input voltage range (eitherinput) . . 2... 1. 2 we ee ee ee ee ee ke ee ew es 60.3 V to 36 V 
Output voltage a sangha, Dee Yar, wate ae ah? “Bees, Hee “ae whe Gn a? Saga dn a Re ee er ee ee as ee ee 
Output current a goat tdi ahs. oy dee ee EN Ss Oe ae we owe a Se ot S&S ZOIMA 
Duration of output short-circuit to around (see Note 3) ee ae woe ew we ew ew we) 6) 6UUNtIMited 
Continuous total dissipation at (or below) 25 C free-air temperature co Note 4) 5 eh. OR, ex tk ae ce hy Ae “SEBO MW 
Operating free-air temperature range: TL336M 2. 7 fw ke ee ee 55°C to 125°C 
TES36) bea et we wehbe a wo we we ae SOS C1885 C 
TES36C: yk Se A ee en he ee ae Ae Ot. 70 C 
Storage temperature range ... . be ott By Sessde 4 ie de Bi, Se td Jp BS C6 150 C 
Lead temperature 1/16 inch (1,6 mm) fears case Stay 60 Pare J package .......... 4... . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage ...-.....2.2.2... . 260°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL336M chips are alloy- 


mounted; TL3361 and TL336C chips are glass-mounted, 
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TYPES TL336M, TL3361, TL336C 
HEX DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


TL336M, TL336( 
PARAMETER TEST CONDITIONST TL3361 TL336C 
| MIN TYP MAX | MIN TYP MAX 

cme ceonn ices a 
Vio _ Input offset voltage cc A) 

Vic = Vicr, Vo = 1.4V Fullrange|SsS*~<“S*sé‘éSCS 
io; “inp atiereuiens Mow 14 y ec [se 
_— - Fullrengo| 100 
. p25 - 100 


l Input bias current See Note 5 
Full range 


25°C 0 to 
Vec=2V to 36V Vec=15 
0 to 
C 


Vcc = 15 V, 


















0 to 
: j Vcec—1.5 
Vicn Common-mode input < 
voltage range to 








Large-signal! differentia! 
voltage amplification Ri =15k8toVecc 


Avp 
VoH= 5V 25°C 
I High-level output current | Vip =1V | Vou = §V | 
On ih - ID VOH = 30 V | Full range 
OL 
OL 


n 
= 
=. 
ry 
2 


25°C 
V Low4evel output volta Vin=-—1V, | =AamA 
xe Full range 


! Low-level output current |] Vip =—-1V, VoL=1.5V| 25°C 
Supply current 
| 


TFull range (MIN to MAX) for TL336M is —55°C to 125°C, for the TL3361 is —85°C to 125°C, and for the TL336C is 0°C to 70°C. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


25°C 





switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN 


100-mV input step 
; Rt connected toS V through 5.1 k2,) j 
Response time + with 5-mV overdrive 
Cy = 15 pF ‘See Note 6 - 
TTL-level input step 
FC. includes probe and jig capacitance. 


NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 







< 


.ia 
we | 9 










DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C ge°Cc 


PACKAGE 


J (Glass-Mounted Chip) 680 mw 8.2 mW/PC 67°C 
N 680 mW 9.2 mW/C 76°C 





Also see Dissipation Derating Curves, Section 2. 
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LINEAR DUAL DIFFEREUT AL COOMA RATORS 
INTEGRATED WITH STROBES 


CIRCUITS BULLETIN NO. DL-S 11671, MARCH 1972 — REVISED JUNE 1976 








Each Comparator Identical to LM106 or 


e Fan-Out to 10 Series 54/74 TTL Loads 
LM306 with Common Vcc+, VCC-. e Strobe Capability 
and Ground Connections e Short-Circuit and Surge Protection 
@ Improved Gain and Accuracy e Fast Response Times 
description 
The TL506 is a dual high-speed voltage comparator, . 
with each half having differential inputs, a low- JOR N DUAL-IN-LINE PACKAGE OR 
impedance output with high-sink-current capability W FLAT PACKAGE (TOP VIEW) 
(100 mA), and two strobe inputs. This device detects ease ein ae beae 
low-level analog or digital signals and can drive digital 1B GND 1 «Vec+ 2 NC 28 
logic or lamps and relays directly. Short-circuit 
protection and surge-current limiting is provided. 
The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate 
with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 
The TL506M is characterized for operation over the 
full military temperature range of —55°C to 125°C; et apr acu a beipend eres 





the TL506C is characterized for operation from 
0°C to 70°C. 


NC—No internal connection 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+(seeNote1) . . 2... 1 we ee ee ee ee ee ee eee TV 
Supply voltage Vcc— (see Note 1) . 2. 2 1. ee ee ee ee ee ee ee ee ee ee) TEV 
Differential input voltage (see Note2)  . w 1 ww ee ee ee ee ee ee ee 6B 
Input voltage (any input, see Notes1and3). . .. 2... ee ee ee ee ee ee ee FTV 
Strobe voltage range (see Note 1). 2. 1 1 6 we ee ee ee ee ee ee ee ee ee) 6 OV tO VEC 
Output voltage (see Note 1) ga es De, AS ic Cae ay Tes Ges Ae cae: ik Wess ys Be Wee, see Us pe aes es os et 
Voltage from output toVcCc— .......4. 30 V 
Duration of output short-circuit (see Note4) 2... ww we ke ee ee ke ee ee 10s 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5): Each amplifier. . . . . 60QmW 
Total package - . . - . 800mW - 

Operating free-air temperature range: TL506M Circuits . . . 2... . 1. ee ee ee 685°C to 125°C 

TLSO6C Circuits 2. 2... ee ee ee ee es) OPC 070°C 
Storage temperature range . . . wwe ee ee ee ee ke ee ee ee ee ee) 665°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J or W package ...... cae e eee eee eae 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ........2c0cveevccevas 260°C 


NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vcc_, are with respect to the network ground 
terminal. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is fess. 

One output at a time may be shorted to ground or either power supply. 


9 PWN 


For operation above 25 C free-air temperature, refer to Dissipation Derating Table. In the J package, TL506M chips are alloy- 
mounted; TLS5SO6C chips are glass-mounted. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


228 


VoH High-level output voltage Vip=5mV, lon =-400KA Full range 2:5 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —3 V to—12 V 
(unless otherwise noted) 








TLS506M TLSO6C 


PARAMETER TEST CONDITIONSt 
| __ranamerer =| testconprmionst =| MIN TYP MAX !]MIN TYP MAX 
25° 

Average temperature coefficient ‘ 
ayvio . See Note 6 Full range 3 10 5 20 fuV/-C 

of input offset voltage 

‘ 0.78 3 1.88 5 
See Note 6 MIN 1 7.5] uA 

: MAX 0.4 2 ee 

Average temperature coefficient MIN to 25°C 15 75 { 24 100] 
a0 Ne acai es See Note 6 5 nAlC 

of input offset current 25 C to MAX 5 25 | 15 5 


! { bi t V O0.5Vto5V E ie he A 
t bias curren bd to 
IB cache 2 Fullrange [4S : 


Nuts) Low-level strobe current Vistrobe) = 0.4 V Full range 778 —33 ae os. 













ad 
or 
an 
nN 







NO 
on 


No Input offset current 


Nh 
oi 


Vis) Low-level strobe voltage Full range PF DT 


5 
Common-mode input ; 
VicR Vec—=-7Vto-12V +5 
voltage range 
+5 
2.5 


Ww 
Ww 
E 


+ 
+ 


S ; 
5 
5: 


nN) 
ol 


40 0008 


2 
Differential input 
7 Full range 
voltage range 


VID 
Age Large-signal citietenue) No load 25°C 40 0008 
voltage amplification Vo=0.5Vt0o5V 







on 
oO 
< 


Vip=—-5mV, lot = 100 mA 25°C 0.88 1.5 
Vip=-S5mV, lo. =50mA Full range lee 
Vip=-5mV, lot = 16mMmA Full range a a 


High-level Vip=5mv, V ajo oay Ie oat 
: tput t = omy, = 
OH igh-level output curren ID on i Fullrange | «100 


lec+ Supply current from Voc+ Vip =-SmvV, See Note 7 Full range 


TUnless otherwise noted, all characteristics are measured with the strobe open. 

8 These typical values are at Vocy = 12 V, Voc. = —6 V, Ta = 25°C. Full range (MIN to MAX) for TL506M is —55°C to 125°C and for the 
TLSO6C is O°C to 70°C. 

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo_) 


j=) 


roe) 
a] 4 SP 
nN no |e 


o 
=) 
N 
: = 
> 


VOL Low-leve! output voltage 











or up to the high range (Vo },). Thus these parameters actually define an error band and take into account the worst-case effects 
of voltage gain and input impedance. 

7. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected 
in parallel. The outputs are open. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, TA = 25°C 


TLS5S06M TL506C 
, PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX|MIN TYP MAX 
Response time, low-to-high-level output | Ri_ =3902toSV, Cy =15pF, See Note 8 28 40 8 ns 


NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 

J (Alloy-Mounted Chip) 600 mW 11.0 mw/C 


PACKAGE 


J (Glass-Mounted Chip) 600 mW 8.2 mW/C 
N 600 mW 9.2 mw/PC 
Ww 600 mW 8.0 mw/C 
Also see Dissipation Derating Curves, Section 2, 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





schematic (each comparator) 






TO OTHER 
COMPARATOR 


NONINVERTING O 


INPUT 
© OUTPUT 
INVERTING 
INPUT 
O GND 
TO OTHER 
Vec_ 0 COMPARATOR 


Resistor vatues are nominal in ohms. 


TYPICAL CHARACTERISTICS 








INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec+=12V Vec+ =12V 
Vec_=-6V Vec—=-6V 
< Vo =05VtoS V P Vo=05Vto5V 
po 5 
I tat KL | A risosc | 
c ~ 
: : ON Ne tenet 
® “ 
2 8 N 
5 a oe 
2 a TL506M 
E & |_| esc KT 
| 
: a oe 
~75 -50 -25 0 25 50 75 100 125 ~75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature— C 
FIGURE 1 FIGURE 2 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS# 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc+ = 12 V 
Vcc— =—-3 V to —12 V 


Vcc+ =12V 
Vcc— =-3Vto-12 V 
Vip =—-5 mV 


VoOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 





-—75 -50 -25 O 25 50 75 100 125 -~75 -50 -25 OO 25 50 75 100 125 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature— C 
FIGURE 3 . FIGURE 4 
OUTPUT CURRENT 


VS 


DIFFERENTIAL INPUT VOLTA 
VOLTAGE TRANSFER CHARACTERISTICS | LTAGE 


Vo—Output Voltage—V 
I[Q—Output Current—A 


OTN tere 
LULL Pra 18% 
rey || 





—+5 -4 -3 -2 -1 0O 1 2 3 
Vip—Differential Input Voltage—mV 
FIGURE 6 





Vip—Differential Input Voltage—mV 
FIGURE 5 


{Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS# 
LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc+= V0 =12V 
Vcc~=-6V 
Vip =-5 mv 


Avp-—Differential Voltage Amplification 
!os—Short-Circuit Output Current—A 








—75 -55 -25 O 25 50 75 100 125 -75 -50 -25 O 25 50 75 100 125 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature— C 
FIGURE 7 FIGURE 8 
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
® 
Ss 8 38 
5 3 5s $ 
= 3 £5 
_ Vec+ = 12V os 
Vcc— =-6V 
5 Ci = 15 pF 
> RL= 390 2to5V > 
1 4 Ta = 25°C a 
mo mo 
= s 
> 3 $ 
3 ; 3 Vec+ = 12 V 
s 5 Vec—=-6V 
9° o Cy = 15 pF 
1 
S Ss RL =390 2tob5V 
Ta = 25°C 
P A 
100 
t—Time—ns t—Time—ns 
FIGURE 9 FIGURE 10 


{Data for temperatures below O° C and above 70 C is applicable to TL506M circuits only. 
NOTE 9: This parameter was measured using a single 5-ms pulse. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


1 


TYPCIAL CHARACTERISTICS¢ 





SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc— 
VS Vs 


SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc_ 


Icc+—Supply Current from Vcc+—mA 
lcc——Supply Current from Vcc_—mA 





0 -—-2 -4 -6 -8 -—10 -—12 ~—14 -—16 


Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 
VS 


FREE-AIR TEMPERATURE 


Pp-—Total Power Dissipation—mW 


Vcec+ =12V 
Vcc—=-6V 
Rp =e 





—75 -—50 -25 O 25 50 75 100 125 


Tpa—Free-Air Temperature— °C 
FIGURE 13 


tData for temperatures below 0°C and above 70°C is applicable to 
TLS5O6M circuits only. 
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Low Offset Characteristics 

High Differential Voltage Amplification 
Fast Response Times 

Output Compatible with Most TTL 

and DTL Circuits 


description 


schematic 





The TL510 monolithic high-speed voltage comparator 
is an improved version of the TL710 with an extra 
Stage added to increase voltage amplification and 
accuracy, and a strobe input for greater flexibility. 
Typical voltage amplification is 33,000. Since the 
output cannot be more positive than the strobe, a 
low-level input at the strobe will cause the output to 


NONINVERTING 
INPUT 


INVERTING 
INPUT 


TYPES TL510M, TL510C 


DIFFERENTIAL COMPARATORS WITH STROBE 


BULLETIN NO. DL-S 11452, MARCH 1971—REVISED OCTOBER 1979 





OVcc— 


Resistor values shown are nominal in ohms. 
Component values shown are nominal. 


go low regardless of the differential input. Component matching, inherent in integrated circuit fabrication techniques, 
produces a comparator with low-drift and low-offset characteristics. These circuits are particularly useful for applica- 
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 


The TL510M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL510C 


is characterized for operation from O°C to 70°C. 


terminal assignments 


JG OR P 
JOR N DUAL-IN-LINE DUAL-IN-LINE PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) 


OUT- 
OUT- Vcoc+ PUT STROBE NC 


NC Vcct STROBE PUT NC 


U 
FLAT PACKAGE 
(TOP VIEW) 


ouT- 
Vec+ STROBE PUT 


® 


OOOO 





GND NON INV Vcc— 
NC GND NON INV NC Voc. NC INV INPUT 

INV INPUT INPUT 

INPUT 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (urtess otherwise noted) 


Supply voltage Vcc+ (see Note 1) 14V 
Supply voltage Vcc_ (see Note 1) —~7V 
Differential input voltage (see Note 2) +5 V 
Input voltage (either input, see Note 1) +7 V 
Strobe Voltage (see Note 1) . 6V 
Peak output current (ty, <7 s) Ge aihay sec 31. Se ae es oe ca? RL SG ee ete 10 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) : 300 mW 
Operating free-air temperature range: TL510M Circuits —55°C to 125°C 

TL510C Circuits ; 0°C to 70°C 
Storage temperature range . 2... 1 ee ee —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J, JG, or U package 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N or P package . 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. | 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. For operation of the TL510M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TLS10M chips are alloy-mounted; TL510C chips are glass-mounted, 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


PARAM t 
ETER TEST CONDITIONS MIN Vp MAX | MIN TvP MAX 
Vio _ Input offset voltage 
See Note 4 


Average temperature coefficient Rs = 502 
of input offset voltage See Note 4 r 


= 
2 
= 
fo) 
N 
a 
Oo 


evio 


S o 
x oO 
S 
= 
> 
x 


25°C 
lio Input offset current See Note 4 
A . 
Average temperature coefficient ° 
110 * See Note 4 - 
of input offset current 
25°C 
lis Input bias current See Note 4 
Vv =5V, 7 
l}H(s) High-level strobe current ie mV 25 
V =—100mV,|__. 
I}L(S) Low-level strobe current sake y 5'C 
IpD=9M 
Common-mode input 
ICR y Vec—=-7V 
voltage range 
> 


R= 
o|= 
we 
5 +9 
a 
ALS) 


NQ 


Vv 
voltage amplification Vo = O0to2.5V Full range 
VOH High-level output voltage 'OH = 0 
Vip =5mvV, 
lor = 90 


Vot Low-level output voitage V (strobe) = 0.3 V, 


N 
roa) 


Vip =5mvV, Full range 
lol =O 


oa wl 
c We} s 
3 : 
=] 

8 q 


N 
o 
QO 


Vip = -5 mV, 
lot Low-level output current 
Vo= A 


0 
CMRR Common-mode rejection ratio Rs < 200 2 ull range 
Icc+ Supply current from Voc+ ull range 
Icc— Supply current from Vec— 


Pp Total power dissipation 


x 


mn mT) 71% 
c & |= 
~ O 
o 

3 

a 

@ 





TUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is —55°C to 125°C and 
for the TL510C is O°C to 70°C. 


tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 
8 These typical values are at Ta = 25°C. 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo =1.8V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL510C, Vo = 1.5 V at Ta = O°C, Vo = 1.4 V at 25°C, 


and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive, 


switching characteristics, Vcc+ = 12 V, Vcc— = —6V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 





See Note 6 52 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function 
and the instant when the output crosses 1.4 V. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% 
point on the strobe voltage waveform to the Instant when the overdriven output voltage crosses the 1.4-V level. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR 
J (Alloy-Mounted Chip) 300 mw 11.0 mw/C 
J (Glass-Mounted Chip) 300 mW 8.2mWw/C 


PACKAGE 


JG (Alloy-Mounted Chip) 300 mW 8.4 mW/C 
JG (Glass-Mounted Chip) 300 mW 6.6 mw/C 
300 mw 9.2 mW/C 
300 mw 8.0 mw/°C 
300 mW 5.4mW/C 


Also see Dissipation Derating Curves, Section 2. 








TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 











VOLTAGE AMPLIFICATION _ QUTPUT VOLTAGE LEVELS 
= vs vs 
FREE-AIR TEMPERATURE ~ SUPPLY VOLTAGE 2 FREE-AIR TEMPERATURE 
ve eet TTT 
70 | No load Vou (Vip = 5 mV, ton = 0) 
Ta=25°C 


Vee =-7V 


Avp-—Differential Voltage Ampilification—V/mV 
Vo—Output Voltage—V 


Ayp Differential Voltage Amplification—V/mV 
& 


: Vor (Vip = 5 mV, lot = 0) 











10 11 12 13 14 -75 -650 -25 0 2% 60 75 100 125 
Ta—Free-Air Temperature—"C Vec+—Posltive Supply Voltage—V Ta—Free-Air Temperature— C 
FIGURE 1 FIGURE 2 FIGURE 3 
LOW-LEVEL OUTPUT CURRENT 
vs TLS10M TL510C . 
FREE-AIR TEMPERATURE 5 VOLTAGE TRANSFER CHARACTERISTICS . VOLTAGE TRANSFER CHARACTERISTICS 
Voce 712 V 
Vec— = -6 

¢ Ag = 502 
i No load ‘4 
4 * > 
3 § Ta = 68°C is Ta = 25°C § 
3 $ Ta = 125°C 3 
2 3 8 

2 
§ ; 

2 e) 
> Vec+ = 12V 
Zz Vec-=-6V 
= As = 602 

-75 -50 -25 Oo 25 60 $758 100 125 
Ta—FreeAir Temperatura—"C Vip—Differential Input Voltage—mV Vip—Differential tnput Voltage—mV 
FIGURE 4 FIGURE 5 FIGURE 6 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


vs 
FREE-AIR TEMPERATURE 


Vece+2 12V 
Vec- 2° -6V 


See Note 4 


BNane 
PLN aaane 


11 g—input Biss Current—zA 


Tist0c i i 





-75 -60 -258 0 25 80 75 100 125 


Ta—Free-Air Tempersture—"C 


FIGURE 7 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 





=% 
E53 
§2 
6 8 
7 4 
Bs 
° 
> 2 
a4 
9 o 
° 
ee Ca 
ae 20 40 60 80 100 120 140 
t—Time—ns 
FIGURE 9 





FIGURE 11 


CMRR—Common-Mode Rejection Ratio—d8 


Strobe Voltege—V 


Vo—Output Voltage—V 





Pp—Total Power Dissipation—mW 


COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 





-75 -60 -25 0O SB SO 7 100 125 
Ta—Free-Alr Temperature—"C 


FIGURE 8 


STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 










Vec+ #12 V 
Vec~- = -6V 





CL=SpF 
RL =e 
Ta = 25°C 











[ppd 


eialela 
Saparaennn 
Een ee 


ee 
ee Oe Gd 
0 § 10 18 20 25 30 35 40 


t—Time—ns 


FIGURE 10. 


TOTAL aisle DISSIPATION 
FREE-AIR TEMPERATURE 
Vcc+ = 12V 
Vcc— =-6V 
Vip*=Smv 
No Load 





TL5S10C 1 


~d 
°o 


50 
-—75 -50 -25 0 25 50 75 100 125 
Ta~Free-Air Temperature—°C 


FIGURE 12 


mn 
Oo 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TLS10M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Ty = 25°C, and Vo = 1 V at Ta = 125°C; for TLS10C, Vo = 1.5 V at Ta = OC, Vo = 1.4 V at 25°C, 
and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 


digital togic circuits these comparators are intended to drive. 
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INTEGRATED TYPES TL514M, TL514C 


CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES 
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e Fast Response Times e Low Offset Characteristics 


e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits 


JOR N DUAL-IN-LINE PACKAGE 


schematic (each comparator) OR W FLAT PACKAGE 
(TOP VIEW) 


AMPLIFIER No. 1 
AMPLIFIER NO. 2 


NON. 
INV INV z 
VcCC~ INPUT INPUT GND VCC+STROBE PUT 


NONINVERTING, 
INPUT 


INVERTING 
INPUT 


OUT-STROBEVcc+ NC NON. INV Voc_ 
PUT INV INPUT 
INPUT 
AMPLIFIER NO. 1 
AMPLIFIER NO. 2 





Resistor values shown are nominal in ohms. 


Component values shown are nominal. NC—No internal connection 


description 


The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared with the TL720, 
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy 
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since 
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low 
regardless of the differential input. 


These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a 
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of —55°C 
to 125°C; the TL514C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) .... . 1... ee ee ke ee ee ee ke ew ke ew ee 14 
Supply voltage Vcc_ (see Note1) ..... 2... ee ee ke ee kk ee kw ke ek ee TN 
Differential input voltage (see Note 2) be Bs, dal ate eG ee i de i oe Binsin Wie as ae ae le Ae ee SE , TEA 
Input voltage (any input, seeNote1) 2... 2 1. 1 we eee eee ee ee ee eee EVV 
Strobe voltage (see Note 1) 2... 2 1. we ee ee ee ek ke ke ek ke ke ek ee we BV 
Peak output current (ty <1 s) cup: a oe Ak we a ee oes a OMA 
Continuous total dissipation at (or below) 70° C pee -air denpersture ‘(See Note: 3): 

each comparator ...... 0.0.0. we ee ew ee ew ee 6300 MW 

totalpackage . ....... 2.0.0.0. Ue eee ee ee 6600 MW 
Operating free-air temperature range: TL514M Circuits . . 2... .. eee ee es 55°C to 125°C 

TES14C Circuits. 5-2. woke ws a 2 de ee we. 0 Ct070-C 
Storage temperature range .... tee ee ee . —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) ome case oe 60 Scents: J or rW saakane’. nan oes ode hs hs a oh oe et OO 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage. . . . . . . + ee ee ee 260°C 


NOTES: 1. All voltage values, except differentia! voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, 
TL514M chips are alloy-mounted; TL514C chips are glass-mounted. 
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TYPES TL514M, TL514C 
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electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCC_ = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
Rs < 2002, ° 
Vv Input offset voltage 
- Average temperature coefficient | Rg = 502, b 
a 
vio of input offset voltage See Note 4 ig 
ho Input offset current 
Average temperature coefficient r 
10 ; See Note 4 = 
of input offset current 
5°C 
lip Input bias current See Note 4 
Vv =5V, 4 
iL (S) High-level strobe current velit ay 25°C 
Vv =-100 mV, 
IWH(S) Low-level strobe current (strobe) re {25 
Vip =5mv 


°C 
Vien Common-mode input Vec_ = -7V 
voltage range ; 
[Vip Differential input voltage range | 
voltage amplification Vo =0to2.5V 
VOH = High-level output voltage lou = 0 
Vip =5 mV, 
Vip = -—S mv, 
lot =0 
VoL Low-level output voltage Vistrobe) = 9.3 V, 
Vip =o mV, 
lor = 0 


> 
x 


NTN ND 
2/22) 5/8) 2) 2/8 
= of olZ]Flo 
ee 5°} 3 
or 2/a18 


nN] 
ol 
i?) 
cand 
° 
= 
> 
x 


mn 
= 
a 
o 
=] 
© 
ao 


5c 
Vip = -omvV, 
IOL Low-level output current 


x 


Led nN TNHN 
c c 
= = 
@ i] 
Py 3 
® 3 


Vo =0 
0 MA 
Vo=1.4V ; 


CMRR Common-mode rejection ratio Rs < 2002 
lcc+ Supply current from Vocy 4 ull range 


Icc— Supply current from Vcc_ 4 


n nN 
oO 
oO 


Pp Total power dissipation 4 





TUniess otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is —55°C to 125°C and 
for the TL514C is O°C to 70°C. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


8 These typical values are at Tp = 25°C. 
TSuppy current and power dissipation limits apply for each comparator. 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vg = 1 V at Ta = 128°C; for TL514C, Vo = 1.5 V at TA = OC, Vo = 1.4 V at 
25°C, and Vo = 1.2 V at Tp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital! logic circuits these comparators are intended to drive. 


switching characteristics, VCC+ = 12 V, Vcc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
RLs=, CL=5pr, ‘See Notes 30 80 | ns | 
Asm, v= Ser, _SeeNow6 +i —SCS~SSC~«i 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function 










and the instant when the output crosses 1.4 V. 

6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% 
point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level. 
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e Fast Response Times 


e Low Offset Characteristics schematic 
e Output Compatible with Most TTL and 
DTL Circuits 
description 


The TL710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance 
output. Component matching, inherent in silicon 
integrated circuit fabrication techniques, produces NONINVERTING 
a comparator with low-drift and low-offset charac- INVERTING g 
teristics. These circuits are especially useful for 
applications requiring an amplitude discriminator, 
memory sense amplifier, or a high-speed voltage 
comparator. The TL710M is characterized for opera- 
tion over the full military temperature range of 
—55°C to 125°C; the TL710C is characterized for 
operation from o°C to 70°C. Component values shown are nominal. 


GNDS 





terminal assignments 


JG OR P 
JOR N DUAL-IN-LINE DUAL-IN-LINE U FLAT PACKAGE © 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


NC Nc Vcc+ NC OUTPUT NC 





NC GNDNONIN: INVERT NC Vcc. NC NONIN-. INVERT- 
INPUTS” INPUT GND NON- INV Vcc- VANPUT™ (NDUT 
INV INPUT 
INPUT 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 

Supply voltage Vcc_ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Note 1) 

Peak output current (ty, < 1s) 

Continous total power dissipation 

at (or below) 70°C free-air temperature (see Note 3) , 


Operating free-air temperature range 


Storage temperature range —65 to 150 —65 to 150 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, or U package | = 300s { 300S—” 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package a a 





NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TL710M chips are alloy-mounted; TL710C chips are glass-mounted. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 


(unless otherwise noted) 
TL710M TL710C 
TEST CONDITIONST 


PARAMETER 
MIN TYP MAX |MIN TYP MAX 
Vio Input offset voltage Rs < 200 2, See Note 4 mV 
Average temperature coefficient ee Full 15 vrC 

a ull ran ; 

VIO of input offset voltage hs 00s Dee Nele ye r 
ho Input offset current See Note 4 

7 
B Input bias current See Note 4 
Full range 


| 25°C 
| are 
Wied Common-mode Vener 25°C 

input voltage range 


+ 
25°C + 












N 
r 
> 


35 oa | 
pA 





< 





Vip _ Differential input voltage range 
Large-signal differential 25°C 750 1500 700 150C 
No load, See Note 4 V/imV 


voltage amplification Full range 1500 


2 
3.2 
—0.5 


: 
< 


Vip= 1 mV, _lon= 0B mA 
Vip=—15 mV, lot = 0 
(10 mV for tye, 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voitage levels: for TL710M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Tay = 125°C; for TL710C, Vo = 1.5 V at Ta = O°C, Vo = 1.4 Vat 
Ta = 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of 
the types of digital logic circuits these comparators are intended to drive. 


+5 
+5 

5 
—1 


+t 
< 


5 

5 

5 

25°C 2.5 3.2 4| 2 
25°C 1 -05 Of 
25°C 6 ; 

25°C 


1. 


E 
> 


200 


E 


70 


NI 
3/8 
> 





TEull range for TL710M is —55°C to 125°C and for TL710C is 0°C to 70°C. 


tThe algebraic convention where the most-positive (least-negative) timit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, Vcc— =—6 V, TA = 25°C 


m 
PARAMETER TEST CONDITIONS BEEIO a UNIT 


Response time Noload, _See Note 5 Ts 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 
J (Alloy-Mounted Chip) 300 mw 11.0 mw/C 
J (Glass-Mounted Chip) 300 mw 8.2 mW/PC 












PACKAGE 


JG (Alloy-Mounted Chip) 300 mW 8.4 mW/PC 
JG (Glass-Mounted Chip) 300 mW 6.6 mW/C 
300 mw 9.2 mW/°C 
300 mW 8.0 mW/C 
300 mW 5.4 mwW/C 


Also see Dissipation Derating Curves, Section 2. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 


[ob] 
Ss 
eo 
5 > 
= 2 Vcc+ = 12 V 
Oc Vec_=-6 V 
No load 
Ta =25°C 
4 
> 
3 
g 
2 2 
a 1 
6 
| oO 
Oo 
ae a one 
t-—Time—ns 
FIGURE 1 
COMMON-MODE PULSE RESPONSE 
vs 
ELAPSED TIME 
® 
37 
2 8 
e = 
ie) 
E > 
O35 
la 
OL 
> 
> 
& 
2 
io) 
> 
Ss 
2 
=} 
9 
oO 
> 
t—Time—ns 
FIGURE 3 








OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 
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FIGURE 2 5 
OUTPUT VOLTAGE 
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Ta—Free-Air Temperature—°C 


125 


FIGURE 4 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 


TL710M TL710C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 


Vo—Output Voitage—V 
Vo—Output Voltage—V 





-5§ -4 -3 —-2 -1 0 % 2 3 4 #=5 


Vi p—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 


FIGURE 5 FIGURE 6 


TOTAL POWER DISSIPATION 
VS 
FREE-AIR TEMPERATURE 


100 
Voc+ = 12 V 
Vec— =-6 V 
Vip =0 
No load 


95 


Pp—Total Power Dissipation—mW 
ie) 
re) 





Ta—Free-Air Temperature—C 


FIGURE 7 
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LINEAR TYPE TL720C 
INTEGRATED DUAL DIFFERENTIAL COMPARATOR 


CIRCU ITS BULLETIN NO. DL-S 11440, MARCH 1971 — REVISED JUNE 1976 





NOT RECOMMENDED FOR NEW DESIGN 
FOR NEW DESIGN, USE TL820C 


| JORN 
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 1 


NON COMPARATOR NO. 2 


INV INV 
Vcec— INPUT INPUT GND Vcc+ NC OUTPUT 


NONINVERTING 
INPUT . 


INVERTING | 
INPUT 


OUTPUT NC Vcec+, NC NON INV Veco 
INV INPUT 
COMPARATOR NO. 1 INPUT 


COMPARATOR NO. 2 





Component values shown are nominal. 





NC—No internal connection 





description 


The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having 
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication 
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for 
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The 
TL720C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note1) . 2... kk ee ke ee ee ke ew ew ee) 614 
supply-voltage Vcc... (see Note 1) av ane ak eG a SOE eee a ee ek we a STV 
Differential input voltage (see Note2) . . 2... 1. ke ee ee ek kk ee ee ew ee) 6B 
Input voltage (any input,seeNote1) ... . . 2... ke ee ek kk ke kk kk +7 V 
Peak output current, each comparator (twS1s). . 6... ee ee ee “10 mA 
Continuous total power dissipation: each comparator ........... 6. 6.0 2 4 es ee es 300 mW 

total package oF Gd EL I ee Ee ee GB See S&S SOO 
Operating free-air temperaturerange .. . bares BA, Oh ae hy ee. alee MO 6170-6 
Lead temperature 1/16 inch (1,6 mm) from case a for 60 aacande J nackaas ee ee ee eee ee a ee ee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ....... 0... eee ee ee ee eee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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244 


TYPE TL/720C 
DUAL DIFFERENTIAL COMPARATOR 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 






PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


V Input offset voltage Rs < 2002 See Note 3 ae V 
S ; e e S 5 m 
Average temperature coefficient 5 3 
wie, oe” Rg <2002, SeeNote3 |0°Cto 70°C 7.5 
of input offset voltage 
lio Input offset current See Note 3 . < LA 
°C t0 70°C 
25°C 25 100 
lip Input bias current See Note 3 > 5 LA 
Cw IC} ——~*tSO 
3. 


= 
< 
“ 
©) 


VicR Common-mode input voltage range Vec—=-7V 25°C Pee 
2 


+5 
+5 
-signal diff ti 25°C 700 1500 
Large-signal differential No load, See Note.3 
5 
—1 












voltage amplification O°C to 70°C 


VoH_ High-level output voltage Vip=15mV, IoH=-O.5mAl 25°C 


VoL Low-level output voltage Vip =—-15mV, Io, =0 25°C —0.5 of 
CMRR Common-mode rejection ratio Rs < 2002 25°C 











lcc+ Supply current from Voc+ (each comparator) 
\cc— Supply current from Vcoc— (each comparator) 
Pp Total power dissipation (each comparator) 


Vip =-5VtoS5V 
(-—10 mV for typ), 
No load 


0 
0 






NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.5 V at 
Ta = 0°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 


tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O'V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, Vcc— = —-6 V, TA = 25°C 
PARAMETER TEST CONDITIONS UNIT 
er Nolcsd, SueiNow 4 ee 


NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED TYPES TL810M, TL810C 


CIRCUITS DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 11449, MARCH 1971 — REVISED OCTOBER 1979 





Low Offset Characteristics schematic 
High Differential Voltage Amplification 

Fast Response Times 

Output Compatible with Most TTL 

and DTL Circuits 


description 


The TL810 is an improved version of the TL710 
high-speed voltage comparator with an extra stage 
added to increase voltage amplification and accu- 
racy. Typical amplification is 33,000. Component 
matching, inherent in monolithic integrated cir- 
cuit fabrication techniques, produces a compar- 
ator with low-drift and low-offset-characteristics. 
These circuits are particularly useful for applica- 
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed timit detector. 


NONINVERTING 
INPUT 


INVERTING 
INPUT 





Resistor values shown are nominal in ohms, 


The TL810M is characterized for operation over the full military temperature range of —55 °C to 125°C; the TL810C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JG ORP U 
J OR N DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


out- OUT- 
Voce PUT NC NC NC Vcce STROBE PUT 





NC GND NON- INV) NC Vecc— GNO NON- INV VCC 
INV INPUT INV INPUT 
INPUT INPUT 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2. 2 2 ww ee ee eee TAN 
Supply voltage Vcc— (see Note 1) 2. 2 2 2. ee ee eee ee ATV 
Differential input voltage (see Note.2) Sie Sends Beth beds See caret ke Se er ae es ee A ee ee ee ee 
Input voltage (either input, see Note 1) 2... ww ee ee ee ee ee 6ETN 
Peak output current (tw <1 s) Se me eee Seth Se oe A me rd ee 10 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note3) ...... . . 300mW 
Operating free-air temperature range: TL810MCircuits .............. +. 55°C to 125°C 

TL810C Circuits .. 2... eee eee ee ee ee OPC tO 70°C 
Storage temperature range . 2. 1. 1 ww we ee ”—65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J,JG,or Upackage. ..-- +--+... 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N or P package aah eG A BS te Be 260°C 


NOTES: 1. Ali voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL810M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TL810M chips are alloy-mounted; TL810C chips are glass-mounted. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc— = -6 V 
(unless otherwise noted) 


TL810M 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX 
Rs < 2002, 
V Input offset voltage 


Average temperature coefficient | Rg = 502, MINto2zec {| = 3 10 | 
a 
VIO of input offset voltage See Note 4 


ho Input offset current See Note 4 
MA 


ie} 

o 
Xx 

tod 





TL810C 
Y 









vu 
c 
- 

Bi 


N 


«+ 


NO 
a 
~ . 
s|~ = 
O° wlan e 
r 
< 
™“™ 
Q 


G 
< 


nN 
on 
@) 
fang 

ro) 

= 
> 
x 





N 
or 
_ 
© 
wd 


Average temperature coefficient MIN to 25°C 75 
ao ; See Note 4 7 
of input offset current 25 C to MAX 5 25 
lig Input bias current See Note 4 a aaa 
Vv Common-mode input y Vv Full 5 
=A + 
ICR voltage range ce ae ae 


voltage amplification Vo = 0to2.5V 
Vip =5mvV 


Vip =5mvV, 


N 
a 
O 
~ 
a 
or 
N 


i 





+5 
5 





N) 
ol 
i?) 







< 

— 
Ei 

< 


bo) 
| 


VoH High-level output voltage 


] 2.5 3.68 
log = —8 mA Full range 


Vip =—-SmvV, : : 
VoL Low-level output voltage lo. =0 Full range -1 -0.58 of -1  -0,58 ot 


fot. Low-level output current 


Pp Total power dissipation 


N 
on 
W 
oO 
om 


















t Full range (MIN to MAX) for TL810M Is —55°C to 125°C and for the TL810C is O°C to 70°C. 

The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 

only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 

8 These typical values are at Ta = 25°C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL810C, Vo = 1.5 V at Ta = OC, Vo = 1.4 V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the Jogic threshold voitages of the 
types of digital logic circuits these comparators are intended to drive. 


switching characteristics, VcC+ = 12 V, Vcc— = —-6 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V.: 
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TYPES TL810M, TL810C 


DIFFERENTIAL COMPARATORS 





DISSIPATION DERATING TABLE 
POWER DERATING 
RATING FACTOR 
J (Alloy-Mounted Chip) 300 mW 11.0 mW/C 
J (Glass-Mounted Chip) 300 mw 8.2mW/C 
JG (Alloy-Mounted Chip) 300 mw 8.4 mW/C 


PACKAGE 


JG (Glass-Mounted Chip) 300 mW 6.6 mW/C 
300 mw 9.2mW/C 
300 mw 8.0 mW/C 
300 mW 5.4mwWPec 


Also see Dissipation Derating Curves, Section 2. 





TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
VS vs 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Vec+ 2 12V 
Vec—=-6V 


Ayp-—Differential Voltage Amplification—V/mV 
Ayp-—Differential Voltage Amplification—V/mV 





Ta—Free-Air Temperature— C Vc+—Positive Suppty Voltage—V 


FIGURE 1 FIGURE 2 


LOW-LEVEL OUTPUT CURRENT 





vs TL810M 
FREE-AIR TEMPERATURE : VOLTAGE TRANSFER CHARACTERISTICS 
Vec+ 2 12V 
Voc— =— 
¢ Rg = 50 2 
i No load 
; 
3 § 
a $ 
a ~ 
8 a 
$ 3 
§ si 
3 g 
4 
2S 
Ta—Free-Air Temperature--"C Vip—Differential Input Voltage—mV 
FIGURE 4 FIGURE 5 





ABOVE 
Ta 
123°C 
113°C 
114°C 
105°C 
117°C 
112°C 
94°C 


OUTPUT VOLTAGE LEVELS 
vs 
FREE-AIR TEMPERATURE 





7 

2 Vec+ =12V 

i) 

= Voc_=—-6V 

> 

3 

; 

) 

> 

-75 -50 -25 ie] 28 50 78 100 125 
Ta-—Free-Air Temperature—°C 
FIGURE 3 
TL810C 
5 VOLTAGE TRANSFER CHARACTERISTICS 

> 
e 
x) 
> 
3 
2 
c 
° 
> 


Vec+ 2 12V 
Vec— = -6V 
Rg =502 
No load 





Vip—Differential Input Voltage—mV 


FIGURE 6 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 


vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 











Vec+ 212V 
Vec— = -6V 





3 
2 Vic = -5to5V 
3 
s o 
c 
i & 105 si 
= cn 
3 = bes 
© 
8 3 100 
a = 
: c 
= E 95 
i 6 I | , 
= ° TL810C — 
& 90 
oO 
85 


-75 -50 -25 0 25 50 75 100 1256 -75 -§0 -25 0 2 50 75 100 125 


Ta-Free-Air Temperature—C 
Ta —Free-Air Temperature—"C 


FIGURE 7 FIGURE 8 


COMMON-MODE PULSE RESPONSE 


Vic—Common-Mode Input Voltage—V 








ai 
g 
so 
> 
3 
3 
7 
= t-—Time—ns 
FIGURE 9 
TOTAL POWER DISSIPATION 
OUTPUT RESPONSE FOR bis 
VARIOUS INPUT OVERDRIVES 110 FREE-AIR TEMPERATURE 
= & 
2 & = 100 
o 2 = 
ne 1 
25 c 
5 2 oO 
£ = 90 
a 
= 
> 
i 5 80 
&, S 
& 3 2 
2 a 
Ss Ee 
a 4 b 
p=} 
{@) eo 60 
{ QO 
(s) 
7 LJ 50 
0 20 40 60 80 100 120 140 —76 -50 -25 0 25 50 75 100 125 
t-—Time—ns Ta—Free-Air Temperature—°C 
FIGURE 10 FIGURE 11 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ty, = 125°C; for TL810C, Vg = 1.5 Vat Ta =O C, VQ =1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These Output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 
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LINEAR DUAL-CHANNEL DIFFERENTIAL COMPARATORS 
INTEGRATED | WITH STROBES 
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@ Fast Response Times 
e Improved Voltage Amplification and Offset Characteristics 
e Output Compatible with Most TTL and DTL Circuits 


description schematic ti 


STROBE 1 STROBE 2 


The TL811 is an improved version of the TL711 high- 
speed dual-channel voltage comparator. Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the comparator accuracy. The 
Output pulse width may be “‘stretched’’ by varying 
the capacitive loading. 

Each channel has differential inputs, a strobe input, 
and an output in common with the other channel. 
When either strobe is taken low, it inhibits the 
associated channel. If both strobes are simultaneously 
low, the output will be low regardless of the 
conditions applied to the differential tnputs. 





These dual-channel voltage comparators are partic- Component values shown are nominal. 
ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold 
voltage. 


The TL811M. is characterized for operation over the full military temperature range of —55°C to 125°C; the TL811C 
is characterized for operation from 0°C to 70°C. 


terminal assignments 


JORN U FLAT 
DUAL-IN-LINE PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 
a ane Gi VechouTsor ‘ia STROBE 1 GND @) OUTPUT iow 5 
fale lfe lfm} m fells | OOO 


Nc INV NON- Vcc— NON. INV NC 5 = : INV 
INPUT 1 INV INV INPUT 2 INV INPUT 2 
INPUT 1 INPUT 2 iNPU PUT 2 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2. 2. ee eee 14 
Supply voltage Vcc_ (see Note1) 2. 0... ee ee ee TV 
Differential input voltage (see Note 2) Boe ride, “tm. Coal fe) He Ge SS SS! Ue age ee “at ee et ee ah Se a te BP hs A ee) ae ce 
Input voltage {any input, see Note 1) 2 2 2 6 ke ae ee ee ee ew ee ewe we EV 
Strobe Voltage (see Note 1) e Gy a fern fen Gh i ee St ee tee Be Os de et ek in ee oP ee ee oe, 
Peak output current (tw <1 s) Oh RS ah ee og sf Hee ce we, “SOMA 
Continuous total power dissipation at (or below) 70° °C ee air teniperature ise Note 3) iB. chs So Se et 2s “SOO mW 
Operating free-air temperaturerange: TL811MCircuits .......2.2.2.2.2.2.2.2.. 55°C to 125°C 

TL811C Circuits Le Bad, Gime & & we Ge Sa TOTO 
Storage temperature range .. . % eth he oe ke §=OS Co 150 C 
Lead temperature 1/16 inch (1,6 nit frome case foe 60 race: il or -U Backabe Satara ata aes td alee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package... 1... eee ee ee eee 260°C 


NOTES: 1, All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipation Derating Table. Jn the J package, the TL811M 
chips are alloy-mou nted: TL811C chips are glass-mounted. 
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TYPES TL81iM, TL81IC © 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, VCc— =—6 V 
(unless otherwise noted) 


'  JL811M TL811C 
PARAMETER TEST CONDITIONST 
MIN TYP MAX | MIN TYP MAX 
RS <TOTH 


See Not ts | 
as eT eT 2 175 







UNIT 













Input offset voltage See Note 4 


Vio 

















Average temperature coefficient 
of input offset voltage 







Vic = 9, 
See Note 4 


25°C 
ho Input offset current See Note 4 
5°C 7 20 
B Input bias current See Note 4 


\ 
ly i 
VIL(S) Low-tevel strobe current Vistrobe) = —100 mV —1.2 —2.5 
y Common-mode input Vv --7V 25°C +5 
ICR voltage range ec-* 
Vv Differential input 
ID voltage range 
Large-signal differential Vo =0to2.5V, 12.5 17.5 1017.5 
voltage amplification No load 
VID = 
Ip = 10 mV, 25°C 
loH=9 
Vip = 10 mV, 
Sane 25°C 25 36 25 36 
loH = —-5mMA 
Vip = —10 mV, 
tp, Me 25°C a 20:4 of || =. 04 
lol = 90 


Vip = 10 mV, 
‘| Vistrobe) = 9.3 V, 
loL=9 


Vip = —10 mV, g 

loL §- Low-level output current 0.5 0.8 0.5 
Vo = 0 

: 


Vo=tav 200 200 
CMRR Common-mode rejection ratio Rs < 2002 70 90 


avid 


mV 


~~ 

w 

o 
: = 

> 


H 
o 
l 
—_ 
N 
| 


Nn 
o 
3 a 






Avp 






] 
o Oo 
++ ++ 
< 
ao} 2 < < ey 
< 











VOH High-level output voltage 





Vot Low-level output voltage 





o 
roe] 
> 


'cc+ Supply current from Voc+ Vip =—-5toSV 25°C a eee 
Icc— Supply current from Vec— (—10 mV for typ), —2.7 —2.7 


Pp Tota! power dissipation See Note 5 arc] 4150 94 200 







No toad, 





TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channet is 
grounded, Full range for TL811M is —55°C to 125°C and for the TL811C is O°C to 70°C. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 
NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voljtage levels: for TL811M, 
Vo = 1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL811C, Vo = 1.5 Vat Ta = 0°C, 
Vo =1.4V at Ta = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 
5. The strobes are alternately grounded. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, TA = 25°C 
PARAMETER TEST CONDITIONS 
MIN TYP MAX 
3 


NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the Input step function 
and the instant when the output crosses 1.4 V. 
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mvV overdrive is then 
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% 
point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level. 
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TYPES TL81iM, TL81iC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





Avp—Differential Voltage Amplification—V/mV 


Vo—Output Voltage—V 








TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 


FREE-AIR TEMPERATURE 


Vcc+=12V 
Vec—~=—-6V 
Vo =0to2.5V 
No load 


—-50 —25 0 25 50 $75 100 125 


T a—Free-Air Temperature—C 


FIGURE 1 


TL811M 
VOLTAGE TRANSFER CHARACTERISTICS 


T 


A =—55°C 


@ Ta = 125°C 


| 
CONT 
aa 


Vec+=12V 
Vcc—=-6V 
Rg = 502 
No load 


Vip—Differential Input Voltage—mV 


FIGURE 3 


Avp-—Differential Voltage Amplification—V/mV 


Vo—Output Voltage—V 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 
SUPPLY VOLTAGE 


Vo =0t02.5V 
No load 
Ta =25°C 


10 11 12 13 14 


Vcc+—Positive Supply Voltage—V 
FIGURE 2 


TL811C 
VOLTAGE TRANSFER CHARACTERISTICS 


TA = o°Cc 
| Ta = 70°C 










Vec+= 12 V 
Vec—=-6V 
Rs = 502 

No load 


Vip—Differential Input Voltage—mV 


FIGURE 4 
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TYPES TL8S11M, TL8TIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 


Differential 
Input Voltage 
Strobe Voltage—V 











> 
= > 
o | 
> a 
3 Vcec+ = 12V sg 
5 Vec—=-6V > 
Oo © 
| Rt = 00 5 
Oo £ 
> CL =5pF 6 
Ta =25°C 
‘i re) 
> 
¢) 20 40 60 80 100 120 140 0 5 10 15 20 25 30 35 40 
t—Time—ns t—Time—ns 
FIGURE 5 FIGURE 6 
COMMON-MODE PULSE RESPONSE 
o 
o> 
S 
° 
E> 
O 5 
| a 
Of 
> 
Vcc+= 12V 
V a 
> cc—=-6V 
® No load 
g 
Xe) 
> 
Ss 
S 
9 
e) 
> 
t-Time—ns 
TEST CIRCUIT 
FIGURE 7 FOR FIGURE 7 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 





INPUT BIAS CURRENT TOTAL POWER DISSIPATED 
vs vs 
FREE-AIR TEMPERATURE | FREE-AIR TEMPERATURE 
100 
Vec+=12V Vec+=12V 
Vec_=-6V 98 Vcc_=-6V 
Vip=- V 
See Note 4 = 96 ID 10m 
< 
- c 94 
o 2 
= 2 9g92 
3 g 
8 = 20 
: 
2 o 88 
3 
m P 86 
< 84 
. eet le 
80 
—75 —-50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 8 FIGURE 9 


NOTE 4. These characteristics are verified by measurements at the fotlowing temperatures and output voltage levels: for TL811M, 
Vo = 1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL811C, Vo = 1.5 Vat Tp =0°C, 
Vo = 1.4 V at Ta = 25°C, and Vo = 1.2 V at 70°C. These Output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 
J (Alloy-Mounted Chip) 300 mW 11.0 mW/C 123°C 


PACKAGE 


J (Gtass-Mounted Chip) 300 mw 8.2 mW/C 113°C 
N 300 mw 9.2 mW/C 117°C 
U 300 mW 5.4mwPec 94°C 


Also see Dissipation Derating Curves, Section 2. 
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LINEAR TYPES TL820M, TL820C 
aaa DUAL DIFFERENTIAL COMPARATORS 


BULLETIN NO, DL-S 11450, MARCH 1971—REVISED OCTOBER 1977 





e Fast Response Times e Low Offset Characteristics 
e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits | 


JOR N DUAL-IN-LINE 


schematic (each comparator) PACKAGE (TOP VIEW) 


COMPARATOR WO. 1 
COMPARATOR NO. 2 


Inv INV 
Vec-— input input GNO Vcce NC OUTPUT 


NONINVEATING 
INPUT 


INVERTING 
INPUT © 


OuTPuT NC VCC+ NC NON. INV Vcc 
INV INPUT 
INPUT 


COMPARATOR NO. 1 





COMPARATOR NO. 2 





Resistor values shown are nominal in ohms. 


NC—No internal connection 
Component values thown are nominal. . 


description 


The TL820 is an improved version of the TL720 dual high-speed voltage comparator, Each comparator has differential 
inputs and a low-impedance output. When compared with the TL720, these circuits feature high amplification (typi- 
cally 33,000) due to an extra amplification stage and increased accuracy because of lower offset characteristics. They 
are particularly useful in applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed 
limit detector. The TL820M is characterized for operation over the full military temperature range of —55 C to 125°C; 
the TL820C is characterized for operation from 0°C to 70°C. 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2 2 2 2 2. ee ee eee ee TAY 
Supply voltage Vcc— (see Note 1) . . . ....... Sk ee ee ne oh BS be. do Sk ok Bw S.-W 
Differential input voltage (see Note 2) mth at fac tas Gh, Be Ce te, ee ses le- e W,  e oe e Se EO 
Input voltage (any input, see Note 1)... 2... ww ek ee ee ee we ee ke ee ew ww 6 
Peak output current (tw <1 s) ie te a. Den ae Bia Se, gk eae RS eat a Mal A 10mA 
Continuous total power dissipation at (or below) 70°C free-air temperature: each comparator. . ... . . 300mW 
total package, (see Note 3). . . 600 mW 

Operating free-air temperature range: TL820M Circuits .......2.2.2.4.. =... . 55°C to 125°C 
TL820C Circuits ee TE oy, Gk He, Ge ee, Be we & w- OOO 70.C 

Storage temperature range GAS a ae Fe ek ea os ce eS a ica a —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage. . ....... 2.4... =. 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package Se Way. Fardeen car St wha eae 2260°C 


NOTES: 1. All voltage values, except differential voltages, ara with respect to the network ground terminal. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. For operation of the TL820M above 70°C free-air temperature, refer to Dissjpation Derating Table. In-'the J package, TL820M 
chips are alloy-mounted; TL820C chips are glass-mounted, 


WN 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, VcCc-_ =-6V 
(unless otherwise noted) 














3 
z 
ge 


TL820M TL820C 
PARAMETER TE ' t 


Vio Input offset voltage bi : ap 25°C 
ote 
5°C 


3 
< 


n 
= 
i 
8 
9 
w 


or 


uVPC 


Average temperature coefficient Rs = 5022, 
a 
vio of input offset voltage See Note 4 
Average ternperature coefficient 
a110 : See Note 4 
of input offset current 


7 







Input offset current 


> 
Le] 
wd 


ho 


=—_ * 
~ o 

~~ 

on 


nALC 


- 
oi 


2 
y Common-mode input y akan 
ICR voltage range cc-* 


ad 
164) 


wd 
re) S/™ 
° wi} on 


£5 


BRREINBE 












Vip Differentil input voltogeronge | ___———*irwitvenge | 28 SSC~“—~‘~sCBSCSC*~C~‘“‘;~*‘*r'C CS; 
Large-signal differential No Toed, rc «dias 33 a 
Avo aie Vimv! 
Vip 75 mv 
Aa ae Ee Ae 
Vv High-level output voltage V 
OH ig el output voltag Vip=5 mv, 
10H = —SMmA 
Vip =—5 mV, 
VoL __ Low-level output voltage ae 0 }Full range -1 -0.58 ot -1 -0.58 of 





nN 
% 
Oo 
i=) 
wn 
nN 
rm) 
© 
mn 
N 
bh 
3 
> 


Low-level output current 


Vo=1.4V 28°C Se eee 
CMRR Common-mode rejection ratio Rs < 200 2 


L 
Ioc+ Supply current from Vcc+ 
(each comparator) 
c-— 


fe] 
(o) 
-_ 
3 
am 
wd 
© 
—_ 
S 
(Ze) 















0 

C 

Ic Supply current from Vcc_- Vip = -S mV, 
(each comparator) No load 


Total power dissipation 
(each comparator) 


-3.58 —7 


Full range 908 150 


Pp 


tT Full range (MIN to MAX) for TL820M is —55°C to 125°C and for the TL820C is O°C to 70°C. 


tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


8 These typical values are at Ta = 25°C. 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo = 


1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL820C, Vo = 1.5 V at Ta = O°C, Vo = 1.4 V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


switching characteristics, VCC+ = 12 V, VcC— = —6 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 


the instant when the output crosses 1.4 V. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


Se SS SE SS SS ON 
DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


J (Alloy-Mounted Chip) 600 mW 11.0 mw/°C 95°C 
J (Glass-Mounted Chip) 600 mW 8.2 mW/C 77°C 
N 600 mw 9.2 mwWi/?Cc 85°C 


Also see Dissipation Derating Curves, Section 2, 








TYPICAL CHARACTERISTICS 
















LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS 
vs vs vs 
‘ FREE-AIR TEMPERATURE a SUPPLY VOLTAGE - FREE-AIR TEMPERATURE 
| |p vohtrmesmcion <a] | 
= E 
> = 
fl > VoH (Vip = S mV, ton = 0) 
i ree 3 © SRESRERE 
a = 
E 3 > 3 
Tien. seek i pecs | Lt 
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> | 3s = 
3 H 3 a 
é aS teg20¢—!] : é 
s s 
= aa 2 o 
; 5 $ 
a ] 
ray 0 
< 2 
-1 
-75 -§0 -25 0 25 SO 75 100 126 10 11 12 13 14 -75 -50 -25 0 25 50 75 100 125 
Ta-Free-Air Temperature—°C Vcc+—Positive Supply Voltsge—V TAa-Free-Air Temperature~°C 
FIGURE 1 FIGURE 2 FIGURE 3 
LOW-LEVEL OUTPUT CURRENT 
vs TL820M TL820C 
ae FREE-AIR TEMPERATURE : VOLTAGE TRANSFER CHARACTERISTICS ‘ VOLTAGE TRANSFER CHARACTERISTICS 
. Voce = 12V : 
Vec- = -6 
<< 2.45 a . 
ER 
€ 
E 240 7 ie: > 
3 Ta = -55°C Ta = 25°C 
- A - 
a 2 iis Ta~ 125°C 3 
B 2.35 s = 
= 2 3 
2 a] 
i ; ; 
i 2.30 K) ° 
3 > Vec+ = 12V 
rs Vcc~=-6V 
= 2.25 Rs = 50.2 
No load 
2.20 
-75 -50 -25 0 25 SO 75 100 125 3-2 -1 0 1 2 3 
Ta—Free-Air Temperature—"C Vip—Differential Input Voltage—mV Vip—Differential Input Voltege—mV 
FIGURE 4 FIGURE 5 FIGURE 6 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATOR 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs vs 

REE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

Vece = 12V 

Vec." -6V 

Vic=-Sto5V 


F 


ljg—tnput Bies Current—pA 


CMRR-Common-Mode Rejection Ratio—d8 





Ta—Free-Air Temperature—"C 
Ta—Free-Air Temperature—"C 








FIGURE 7 HEURES 
7 
i a COMMON-MODE PULSE RESPONSE 
3 
| 
E 
> 
7 
: 
> 
3 
4 
> 
FIGURE 9 
TOTAL POWER DISSIPATION 
oO 
daniGuc ineotoueND Wie FREE-AIR TEMPERATURE 
x] 
3 
= 2 = 
ea % 
_ , 8 
i el 
cp DEEN Voss 2 a 3 
2,1 Wks | | ff 
3 CO Tt 
S an et eg és 
6 20 40 60 80 100 120 140 —-76 -~50 -25 0 25 50 75 100 125 
t<Time=ns Ta—Free-Air Temperature—°C 
FIGURE 10 FIGURE 11 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo = 1.8 V 
at Ta = —55°C, Vo = 1.4 V at Tp = 25 C, and Vo = 1 V at Tap = 125 C; for TL820C, Vo = 1.5 V at Tp = OC, Vo = 1.4 V at 25°C, 
and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive. 
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LINEAR TYPE uA710M 
INTEGRATED DIFFERENTIAL COMPARATOR 


CIRCUITS BULLETIN NO. DL-S 12415, JUNE 1976—REVISED OCTOBER 1979 





e Fast Response Times 
e Low Offset Characteristics 
e Output Compatible with Most TTL and DTL schematic 


Circuits 
e Designed to be Interchangeable with Fairchild 
uA710 
description 


The uA710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance out- 


put. Component matching, inherent in silicon inte- NONINVERTING 
grated circuit fabrication techniques, produces a INVERTING g 
comparator with low-drift and low-offset character- 

istics. This circuit is especially useful for applications GNDC 


requiring an amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. The 
uA710M is characterized for operation over the full 
military temperature range of —55°C to 125°C. 





Component values shown are nominal, 


terminal assignments 


JG U 
J DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 


Voces STROBE Dur 


NC 
nc VCC+ NC OUTPUT NC G) @) ) © 
zi fu jf l] st 8 8 {7 @ ¢ ® @ ¢ 





1OOo®@ 


INV INPUT INV INPUT GND NON INV NC Veco. 
INPUT INPUT INV {NPUT 
INPUT 


NC GND NON- INV. NC Vcc— NC GND NON- INV Voc~ 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2. 2. ew ee ee ee ee ee ee ee AN 
Supply voltage Vcc— (see Note1) 2... 2 6 6 ee ee ee ee ee ee ee ee eee HIV 
Differential input voltage (see Note2)  . . 1. ww ee ee ee ee ee ee 6B 
Input voltage (either input,see Note1) «6 6 6 ee ee ee ee ee ee ee ee ETN 
Peak output current (tyS1s) ..... Oley Jen eh Ga. Re eo a Se, ep TOMA 
Continuous total power dissipation at (or below) 25° E irae: git dein perature go te cee Ble. ee A ca ke BOO RW. 
Operating free-air temperature range . . 1. 1 6 ee ee ee ee ee ee eh —55°C to 125°C 
Storage temperature range .. . paee ee 4 & we  4ow ww = 65 Sto 150°C 
Lead temperature 1/16 inch (1,6 mm) fare case 2 for 60 seconds - bole Bet ie ea  Bilee 4h. ae ee BOOTS 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J and JG packages, uA710M chips 
are alloy-mounted., 
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| VoH ___ High-level output voltage Vip= SmvV, lon =—5 mA 25°C 2.5 3.2 4 
L 


TYPE uA710M 
DIFFERENTIAL COMPARATOR 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, VcCc— = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 


ae ee ee 
Vio Input offset voltage Rs < 2002, See Note 4 mV 
Average temperature coefficient 
aVvIO Rs < 502, See Note 4 Full range 3 10 | pvc 
of input offset voltage 
5 3 


ee Wote 


Average temperature coefficient —55°C to 25°C 
aI10 See Note 4 - nAPc 
of input offset current 25 Cto 125 C. 15 75 
1320 
lig Input bias current See Note 4 BA 
Fullrange | 45 
Common-mode ° 
ViCR. Vec—=-7V 25°C +5 V 
input voltage range 
Vip _Differential inputvoltagerange | C“‘(RRSCCdL:=C‘(‘a #SSC(;SC‘LSSVS=«C*@d 


+5 V 
Large-signal differential 1250 1700 
eee seh ees ‘4000 S”S”™~<“Cs~SS 


voltage amplification 










Te Input offset current 

















Vo Low-level output voltage Vip =—-5 mv, 


lo. Low-level output current 


mA 
[to Outputresistance——~=~=S«dV=ta@vSOC~S™~—~sSCS~SssSSCwSC*dC*‘“‘#SC#C#OO’™C#C#*’;C“CN CY 
[CMA Common-mode rejection ratio | Asa200@ —~———~—=~diSCis «d= tO~*~*~SCi 
(10 mV for tv), 
Pp Total power dissipation No load | ere] 9050 | mw 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 
TA= —55°C, Vo=14 V at Typ = 25°C, and Vo=1VatTa= 125°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 

TFull range for UA710M is —55°C to 125°C. 

tthe algebraic convention where the more-positive (less-negative) limit is designated as maximum is used in this data sheet for logic levels only, 

e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


loL =0 
































switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, TA = 25°C 


PARAMETER TEST CONDITIONS UNIT 





No Tod, See Wows 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the Instant when the output crosses 1.4 V. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 300 mW 11.0 mwW/C 123°C 


PACKAGE 


JG (Alloy-Mounted Chip) 300 mw 8.4 mW/PC 114°C 
U 300 mW 5.4mwWC 94°C 


Also see Dissipation Derating Curves, Section 2, 
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TYPE uA7i0M 
DIFFERENTIAL COMPARATOR 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 
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Vip—Differential Input Voltage—mV 
FIGURE 5 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 


Input Voltage 


Vec+ = 12 V 
Voc-— =-6V 
Bie load 
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FIGURE 2 


OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
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TOTAL POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 
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FIGURE 6 
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LINEAR TYPES uA711M, uA7IIC 
INTEGRATED DUAL-CHANNEL DIFFERENTIAL COMPARATORS 
CIRCUITS WITH STROBES 


BULLETIN NO. OL-S 11442, FEBRUARY 1971 — REVISED OCTOBER 1979 









e Fast Response Times e Output Compatible with Most TTL and DTL Circuits 
e Low Offset Characteristics e Designed to be Interchangeable with Fairchild .A711 and »A711C 


description schematic 
The uA711 is a high-speed dual-channel comparator crnoee: ——coutmut_staoee? 
with differential inputs and a low-impedance output. 
Component matching, inherent with silicon mono- 
lithic circuit fabrication techniques, produces a 
comparator circuit with low-drift and low-offset 
characteristics. An independent strobe input is 
provided for each of the two channels, which when moveRTI 
taken low, inhibits the associated channel. If both ‘ser, 
strobes are simultaneously low, the output will be 
low regardless of the conditions applied to the 
differential inputs. The comparator output pulse 
width may be “‘stretched’’ by varying the capacitive 
loading. These dual comparators are particularly 
useful for applications requiring an amplitude- 
discriminating sense amplifier with an adjustable threshold voltage. The uA711M is characterized for operation over 
the full military temperature range of —55 °C to 125°C; the uA711C is characterized for operation from O°C to 70°C. 

terminal assignments 


INVERTING 
INPUT 2 


5 NONINVERTING 
WNPUT 2 





Component value: shown are nominal. 


JOR N DUAL-IN-LINE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) 


STROBE STROBE 
NC. 1 GNO-VeceOUTPUT 2. NC STROBE 1 GND Vcc+ OUTPUT STROBE 2 





NC INV NON- Vcc NON- INV NC 
INPUT 1 INV INV INPUT 2 


INPUT 1 INPUT 2 INV INPUT 2 
, INPUT 1 NPUT 2 





NC—No Internal Connection 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UNIT 
Supply voltage Vcc+ (see Note 1) 
Differential input voltage (see Note 2) 
Strobe voltage (see Note 1) | 6 

Peak output current (ty, < 1 s) 

00 

60 


—- —7 

+5 

Input voltage (any input, see Note 1) +7 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 300 
300 

260 






























of/3 1/3 





Operating free-air temperature range 
[Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds| Jor Upackage ———*+t_—300—=«d?~SCia00 = 
[ead temperature 1/16 inch (1,6 mm from case for 1Oseconds[N package _———=—S—S«dT~SC*C*~‘“~*‘idC*‘éSS*d;SC 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of uA711M above 70°C free-air temperature, refer to Dissipation Derating Table. in the J package, uA711M chips 
are aJloy-mounted; uA711C chips are glass-mounted. 






° 
O;O 





Copyright © 1979 by Texas Instruments Incorporated 
079 


TEXAS INSTRUMENTS 263 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


264 


TYPES uA/11M, uA7TIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VCCc+ = 12 V, Vcc— =—6 V 
















Vio Input offset voltage 


. 


NO 


(unless otherwise noted) 
uA711M uA711C 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX |MIN TYP MAX 
See Note 4 Full range Po 
° mV 
Rg < 2009, 26°C 
See Note 4 Full range Ft | 
Average temperature coefficient] Rs < 200 2, Vic =0, =a vr 
a range 
VIO of input offset voltage See Note 4 i : " 
25°C 05 10] 05 15 | 
ho Input offset current See Note 4 uA 
Full range | 
. 25°C 25 75 25 100 
lip Input bias current See Note 4 uA 
= 0, : 


342.9 5 49 96 





lIL(S) Low-level strobe current Vistrobe) = Vip = 10 mV 25°C 











25°C 
25°C 
25°C 


lcc+ Supply current from Vec+ 
Icc— Supply current from Voc— 


Total power dissipation 







Vip =—-5Vto5V(—10 mV for typ), 
Strobes alternately grounded, 
No joad 





ee 
Pp 130 230 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo =1.8V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for uA711C, Vo = 1.5 V at Ta = O°C, Vo = 1.4 V at 
Ta * 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 






voltage range 
Differential input 
VID : 25°C +5 +5 v 
voltage range 
A Large-signal differential No load 750 1500 700 = 1500 
VoOH_ High-level output voltage 2 ui OH V 
Vip =10mV, IoH =—-5mA 25°C 2.5 3.5 2.5 3.5 
iD OH 
Vip =—-10mV, Io, =0 —1 -0.5 of -1 -o5 of 
VoL Low-level output voltage Vip = 10mV, Vistrobe) = 0.3 V, one =, ot] —1 ie V 
loL = 0 , 
IOL _ Low-level output current Vip=-10mV, Vo=0 2°c | 05 08 05 08 } 
Vo= ta 28°C 200 
CMRR Common-mode rejection ratio [Rg < 200 2 25°C 70 90 | oB 
200 


= 
OQ 
fo) 





TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open. Fhe strobe of the other channel is 
grounded, Full range for uA711M is —55°C to 125°C and for the uA711C is OC to 70°C. 


tThe algebraic convention where the most-positive (feast-negative) limit is désignated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 











switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, Ta = 25°C 
uA711M uA711C 

PARAMETER TEST CONDITIONS : UNIT 

[Strobe release time |Noload, See Note 6 9 






NOTES: 5, The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function 
and the instant when the output crosses 1.4 V. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% 
Point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level. 
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TYPES uA/71iM, uA7TIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J {Alloy-Mounted Chip) 300 mW 11.0 mwW/C 


PACKAGE 


J (Glass-Mounted Chip) 300 mw 8.2 mw/C 
N 300 mW 9.2 mW/C 
U 300 mW 5.4mwWPC 





Also see Dissipation Derating, Section 2. 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Ava—Differential Voltage Amplification 
Ava— Differential Voltage Amplification 





-75 -50 -25 90 25 50 75 100 125 


Ta—Free-Air Temperatura—°C Voc+—Pasitive Supply Voltage—V 
FIGURE 1 FIGURE 2 
INPUT BIAS CURRENT TOTAL POWER DISSIPATION 
vs : vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voec+ = 12 V 
Vcec—=-6V 
See Note 4 


ea al a Oe a 
Wee AY 
noes | | | | 


\)R—Input Bias Current—yA 
Pp—Tatal Power Dissipation—mW 








-75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature—C 


Ta~—Free-Air Temperature—C 


FIGURE 3 FIGURE 4 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8V 
at Ta = —55°C, Vo = 1.4 V at Ty = 25°C, and Vo = 1 V at Ta = 125°C; for UA7I1C, Vo = 1.5 V at Ta = OC, Vo = 1.4 Vat 
Ta = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 


types of digital logic circuits these comparators are intended to drive. 
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TYPES uA711M, uA71IC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


uA711M uA711C 
VOLTAGE TRANSFER VOLTAGE TRANSFER 
CHARACTERISTIC CHARACTERISTICS 


(atu 

BRGY Anna 

ey 
Sd | | | | | | 





Vo-—Output Voltage—V 
Vo—Output Voltage—V 
nN) 





Be, 
-— -4 -3 -2 +1 
2 S65 4. =o 2 4 


Vin—Differential Input Voltage—mV 
ID P g Vip—Differential Input Voltage—mV 


FIGURE 5 FIGURE 6 


OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 


SERRE EEERER Eee 

feetterdt PIN ct Mel cle eed ee 

Hf 190 mv ft tt] 
i Eaeelce 


Vec+ = 12 V 
df 
















Differential 
Input Voltage 





Vec— =-6 V 
No load 
Ta = 25°C 


ae 

ee aaa <a 
CE a ae 
BELLCVaranP= el 
Rea ae erase eee 
COCOA eae 


Strobe Voltage—V 






ee 


aa ae 
PEREP EEC Ese 
aah ae eRe eee 


0 20 40 60 80 100 120 










Vo~—Output Voltage—V 
Vo—Output Voltage—V 


0 5 10 15 20 25 30 35 40 
t~—Time—ns t-Time—ns 


FIGURE 7 FIGURE 8 
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SELECTION GUIDE 


SST IE I eT TT TTT A TE TT A TID SSE ETE ETT TT GIS Ss STS I I I TOTS 
SPECIAL FUNCTIONS 


PAGE 

Timers 

SE555 =: General-purpose timers adjustable from 1 microsecond to 1 second ........ 0.0 ee eee ete te tee ew eee 281 

NE555 : Commercial-temperature version of SE555 2... ee te te ee ee et ee we te es 281 

segue. = Dualversion OF SES: | o: ai eng. eee de Hae Se Se Dew Se eS ae SR ed oo eee 291 

NE556 : Commercial-temperature version of SE556 1... 1... ee tt ee ee ee ee ee eee es 291 

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1 second ..........e.e00% 401 
Amplifiers 

MC1445 : 2-channel-multiplexed video amplifier 2... ce ee ewe ee ee te et ht ee eee es 277 

TL441 : Logarithmic amplifier with 80-dB inputrange ... 10... ee ee te te te te te we te ee he et te es 325 

uA733  : Differential video amplifier with 200-MHz bandwidth ........0. 0.2 eee nee ee we eee ee et te ee 393 
Voltage-Level Detectors 

TL480 : 10-level logarithmic converter inthe Jor N package .. 1... ... cee eee ee ee tt ew ee te ee te ts 339 

TL481 =: 10-level logarithmic converter in the Jor Npackage 1.1... . 0. eee te et ee ee ee ee ee te ees 341 

TL487  : 5-level linear converter inthe Por JG package 1... 1. ee tt te ee te te te ee ee we et ee 343 

TL489 : 5-level logarithmic converter in the Por JG package 2... . ce et ee ee eh we te et te es 345 

TL490 : = 10-level linear converter in the Jor Npackage 1... 1. ee ee te te ee tm ee ee te es 349 

TL491 : 10-level linear converter in the Jor N package ......... 2 eee ee eee te te te tee es 353 
Analog-to-Digital Converter Components 

ADCO808: Successive-approximation converter 2... 0 we ee we eee ee eee ew ee twee 270 

ADCO809: Successive-approximation converter 2.2... ee ee ee en ee eee eee 270 

ADC0816: Successive-approximation converter .. 1. ee tt ee ee ee eee te ee ee ee ee eee 272 

ADC0817: Successive-approximation converter with 8-bit resolution ... 0... ce ee ee te et ew tt wt et we 272 

TL500 : OQDual-slope-converter analog processor with 14-bit resolution ... 0... 0.20 e ee eee eee ee te te et ee 357 

TL501 =: Dual-slope-converter analog processor with 13-bit resolution ......0. 0.0. eee eee eee ee ee ee tee ees 357 

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs ............ 357 

TL503  : Dual-slope-converter digital processor with 4%-digit capability, BCD outputs ..........-2. 00200 ee ee ees 357 

TLS505 : Dual-slope-converter analog processor with 10-bit resolution ....... 2.2 ce eee ee te ee et wm te ee ees 369 

TLS507 : + Pulse-width modulator with 7-bit resolution 2... 0... ce ee ee ee ees 377 
Zero-Crossing Detector 

PRR So: ts Aa vin acl aire Gye an, wD Je Cask Bhaaw G, : S oe eee ps SRS Wk ae, “Biss Mee we, Gereaw See we Abad doh tag ada a ne Ate cera ke pe 319 
Doubly-Balanced Mixer 

MALS © cite 3 2d oaeret acca Sal Oe Glew eA ee ees Rte ee ORS REM BURL Sh ROR S OG hae’ ee wy are Gs Cow BSC erat eee anh @ 333 
Precision Level Detector 

SSO: axe cer aia les tite ee Societe Pe an el a ete Ss Gere shock: Bas See ewe era ale See ae aL ase re ee cet eee eR oar 381 
Overvoltage Sensing Circuits 

MICS. estar ahs oe hi ety a al ek eS Bat seat Rinne See Ge wi ae Ae A mic awe eae Ee wae a yeeea) Se Seta ene aw See wa Sk ee 279 

WIGS S23. 543 uO ih ee e & haha Gk ae te: ES ee Fle WM ae ek ea EARS et er ee Se 279 
3-Channel Stepper-Motor Controller 


SD. 25 2a setae Sela are ca cee Bs Sele ig for Sn wate RES We. Oke ea ern dy abate Beg ee el as See aie Oe edema Se 315 
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SPECIAL FUNCTIONS 
Analog Switches With 30-mA Capability (Bi-MOS) 


ANALOG 
DEVICE FUNCTION Rees RANGE SUPPLIES 


Twin SPST 


Twin DPST 

Dual Complementary SPST 
Twin Dual Complementary 
SPST 





Analog Switches With 10-mA Capability (P-MOS) 


ANALOG 
DEVICE FUNCTION Raat RANGE SUPPLIES 


SPDT +10, —20 
Compi!ementary SPST +10, —20 
SPDT +10, —20 
SPST +10, —20 





Hall-Effect Devices 


DEVICE DESCRIPTION | ON  —~—OFF_—sSO|- HYSTTERESIS| PAGE| 


General purpose switch >+350 G <—350 G 293 
Normally-off switch >+600 G <+100 G 295 
Latch >+350 G <—350 G 299 
Normally-off switch >+500 G <+100 G 301 










(Automotive Temp. Range) 








a a EB a Re ee ee 
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LINEAR TYPES ADCO0808, ADCO0809 


INTEGRATED DATA ACQUISITION SYSTEMS 
Cl RCUITS JANUARY 1980 






N 


e Total Unadjusted Error. ..+% LSB Max for DUAL-IN-LINE PACKAGE 
ADC0808 and +1 LSB Max for ADCO0809 (TOP VIEW) 


e Resolution of 8 Bits 












INPUT3 1| | | | 28 INPUT 2 


e 100 us Conversion Time 


INPUT 4 2. | | 27 INPUT 1 
e Ratiometric Conversion ieurs 3[)] F]26 INPUT O 
e Guaranteed Monotonicity InpuTe 4[ ] 25 ADDRESS A 
e No Missing Codes INPUT7 5 | | | | 24 ADDRESS B 


e Easy Interface with Microprocessors | STARTOF CONVERSION 6 |_ | ]23 ADDRESS c 


7 
e Latched 3-State Outputs END OF CONVERSION 7| | 


2-5 8 
e Latched Address Inputs 
OUTPUT CONTROL 9 | | 


| |22 ADDRESS LOAD CONTROL 
| 21 2-1 MsB 
| {20 2-2 


e Single 5-Volt Supply crock 10 19 2-3 

e Low Power Consumption Vee 11] | | ]18 2-4 

e Designed to be Interchangeable with REF+ 12 [| |J17 2-8 iss 
National Semiconductor ADC0808, ADCO809 GNb 13[ | /]16 rer 


2-7 14 | ) J15 2-6 


description 


The ADCO808 and ADCO809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital 
(A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog switches 
connected directly to the comparator. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance chopper-stabilized comparator, a 256R end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 


Each device features an overall error of +1 LSB maximum at 25°C including resolution (quantization) error. The 
comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, and the need for 
zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to the 
multiplexer address decoder. The single 5-volt supply and low power requirements make the ADCO808 and ADCO809 
especially useful for a wide variety of applications. Ratiometric conversion is made possible by access to the reference 
voltage input terminals. 


The ADCO808 and ADCO809 are characterized for operation from —40°C to 85°C. 
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TYPES ADCO0808, ADCO809 
DATA ACQUISITION SYSTEMS 





functional block diagram 
functional block diagram 


MULTIPLEXER FUNCTION TABLE 


SELECTED 


ADDRESS LOAD eas ANALOG 
conTROt CHANNEL 
: 


REF+ REF— 






i) 


tao 0 LT 


8-BIT A/D 





A 
L L 
L H 256R 
L L RESISTOR 
L H LADDER 
H L 
H H 
H L 
H H 
H = high level 


t = low-to-high-level transition 


3-STATE 
OUTPUT 8-BIT 
LATCH OUTPUT 


BUFFER 






; COMPARATOR 
ANALOG 

ANALOG 

INPUTS SWITCHES SUCCESSIVE 


APPROXIMATION 


REGISTER 
CONTROL 
AND 
TIMING END OF 


CONVERSION 





| 
| 
| 
| 
| 
| 
L = low level | 
| 
| 
| 
| 
| 
| 






3-BIT 
ADDRESS 





ADDRESS LOAD 
CONTROL 


CLOCK 
START 
CONVERSION 
OUTPUT 
CONTROL » 





operating sequence 





ia 


START 
CONVERSION ___50% nn 
be-—e}— tw(S) 
ADDRESS LOAD {1 
CONTROL %%F 1 ae 
bon} $4 —-— EAL C) 
lei-*+ ADDRESS STABLE 
ADDRESS 50% } 50% 
_ 
toad ht 


ANALOG INPUT .€ ANALOG VALUE X 


i ee LE ——— 
r- See N ote A 


MULTIPLEX 3 ; 
pests ! ! <i ANALOG VALUE x 
ity —| 
END OF x 
CONVERSION oe es 





fe— ty (EOC) —4 | 
e——__--—_\_—_—_—- tconv ——---_—_+1 
OUTPUT j 
CONTROL oy), Coons 
> f= *PZX of be tpxZ 
LATCH OUTPUTS ———___ 90%) 90% 
HI-Z STATE 10% 10% 


NOTE A: Instant at which output is within 1/2 LSB of final value. 
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LINEAR TYPES ADCO0816, ADCO817 
INTEGRATED DATA ACQUISITION SYSTEMS 


Cli RCU ITS BULLETIN NO. DL-S 12672, DECEMBER 1979 






e Total Unadjusted Error... +% LSB Max for es 
ADC0816 and +1 LSB Max for ADC0817 ra A ae 


e Resolution of 8 Bits 



















; : INPUT 3 11 | 
e 100 us Conversion Time INPUT 4 2[7 
INPUT 5 3] | 
INPUT 6 4[ | 


e Guaranteed Monotonicity INPUT 7 5(] 
a INPUT 8 6[| 
e No Missing Codes INPUT 9 7[] 


INPUT 10 8[7 
INPUT 11 9 | 


| ]40 INPUT 2 

| ]}39 INPUT 1 

| |38 INPUT O 

| |37 EXPANSION CONTROL 
1136 ADDRESS A 

| 135 ADDRESS B 

| |34 ADDRESS C 

| ]33 ADDRESS D 

| ]32 ADDRESS LOAD CONTROL 


e Ratiometric Conversion 


e Easy Interface with Microprocessors 


e Latched 3-State Outputs INPUT 12 10[/ ']31 2-1 mMsB 
INPUT 13 11[ | | ]30 2-2 

e Single 5-Volt Supply END OF CONVERSION 13{ | [}28 2-4 
INPUT 15 14[ | []27 2-8 

e Low Power Consumption MUX OUTPUT 15[/ 26 2-6 


a 
e Designed to be Interchangeable with 25 2 


: : Vcc 17[] |]24 2-8 LsB 
National Semiconductor ADC0816, ADCO817 — conpararor in 18/1 A23 REF— 
REF+ 19] |] | }22 CLOCK 
GND 20[] |]21 OUTPUT CONTROL 


description 


The ADCO816 and ADCO817 are monolithic CMOS devices with a 16-channel multiplexer, an 8-bit analog-to-digital 
(A/D) converter, and microprocessor-compatible control logic. The 16-channel multiplexer can be controlled by a 
microprocessor through a 4-bit address decoder with address load and expansion control logic, to select any one of 
16 single-ended analog switches. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance chopper-stabilized comparator, a 256R end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 
functional block diagram 

Each device features an overall error of +1 
LSB maximum at 25°C including resolution 
(quantization) error. The comparison and 
converting methods used eliminate the 
Possibility of missing codes, non- 
monotonicity, and the need for Zero or 
full-scale adjustment. Also featured are goats 
latched 3-state outputs from the SAR and a 
latched inputs to the multiplexer address 

decoder. The single 5-volt supply and low 

power requirements make the ADCO816 

and ADC0817 especially useful for a wide 

variety of applications. Ratiometric con- 

version is made possible by access to the 


COMPARATOR REF+ REF- 
INPUT 


MUX OUTPUT 





Cet A/D 
256R 
RESISTOR 
LADDER 
SWITCH 
TREE 
COMPARATOR 
SUCCESSIVE 
APPROXIMATION 
REGISTER 


| 
| 
| CONTROL 
| 
| 


—— 





3STATE 
OUTPUT 

LATCH 
BUFFER 








8-BIT 
OUTPUT 








T 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


4BIT 








reference voltage input terminals. ADDRESS AND : 
ND OF 
ADDRESS LOAD sabosits CONVERSION 
CONTROL | ne rr _ = 
The ADCO816 and ADCO817 are sch puoai 
characterized for operation from —40°C cLocK 
fe) START 
to 85 C. CONVERSION 
OUTPUT 
CONTROL 
Copyright © 1979 by Texas Instruments Incorporated 
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TYPES ADCO816, ADCO817 
DATA ACQUISITION SYSTEMS 





MULTIPLEXER FUNCTION TABLE 


INPUTS 


ADDRESS LOAD EXPANSION ADDRESS 
CONTROL CONTROL B 






SELECTED 
ANALOG 
CHANNEL 










0 











zm a 








oO 






ae i a ee a 
Pe ae es ee ee ae OS ee 
So En Sea ce eer re 
Wi sae eee ee Se ee eee 
Se ee Se Se ee ie ee SS ie ee ee ae 
NM Dreorgdzgwre@rwre2zwri@rrirc$gcer|> 
on Oa hWN = 


All channels OFF 


H = high fevel, L. = low level, X = irrelevant, t = low-to-high-level transition 


operating sequence a 


START 





CONVERSION ___50% eae 
be-——ot-— tw (S) 
ADDRESS LOAD am 
conTROL %F 3 ea fe es 
be} —— Ey ALC) 
tei=*+ ADDRESS STABLE 
ADDRESS 50% 50% 
A 
tuff tr th 


ANALOG tNPUT x : ANALOG VALUE X 


jo} INPUT STABLE -—_——_—~—______-» 
i r See Note A 


MULTIPLEX Nt 
| 
ity —ol 
END OF 
CONVERSION ae 50% 
b— td (EOC) —4 ‘ 
ao ony ————___———I 
OUTPUT = om 


CONTROL 





{I tPZX oj fe tPxz 


' 
LATCH OUTPUTS ————W-_ 90% 90% 
HI-Z STATE 10% 10% 


NOTE A: Instant at which output is within 1/2 LSB of final value, 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply-voltace, Vice (see Note: 8): nse jtaiae ab eae dead BG ak Oe eee ee hee ee ee coe 6.5 V 
Input voltage: control inputs .. 2... 2... eee eee eee sak See ralaady Go Raa fou Grea im ge tava ore —0.3V to 15V 

SIOTMEFANDUS:. oe oad Gee tee Gia es CA een de ead ee ease ees —0.3 V to Vcc +0.3 V 
ContinuOUs total: GIsSipAatiOR: p55 sents bude. 2a es6 Me ae ke Bok Sve Sik ws Ae be waned aoa ees, eee a A 500 mW 
Operating free-air temperature range... 1. ee ee ee eee ee eee ee eee Br iceaeiees —40°C to 85°C 
Storage temperature range... eee ee ee ee ee eee eee nes wh ave oe weaee —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds ....... cc ee ee ee eee 260°C 


NOTE 1: All voltage values are with respect to network ground terminal, | 
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TYPES ADCO816, ADCO0817 
DATA ACQUISITION SYSTEMS 





recommended operating conditions 


Supply voltage, Vcc 












I 
Voltage at bottom of 256R Tedder, Vref aes eS es 
Voltage across 256R ladder (see Note 2) 0.512 : ; 
1 






Address load control pulse width, tw(ALC) | 20, — | 
[Address setup time, tuys 
Address hold time, th | soins 





Vcc 





NOTE 2: For proper operation, the voltage across the ladder must be centered on +0,1 V. 
electrical characteristics over recommended operating free-air temperature range, Vcc = 4.75 V to 5.25 V 
(unless otherwise noted) 


total device 


“Vit. towievel Inputvoltage—~S™SC~t Vcc SV OSC“~“S*~‘~sSSCSC‘“‘( SNC‘ OV 


V 
y avodeunaueaun valk Data outputs lo = 1.6 mA : 0.45 y 
ow-leve}l output voltage 
OL oe io= 1.2 mA 













Off-state (high-impedance-state) Vo=5V 
OZ 


output current Vo=0 —3 


iT Input current at maximum control input voltage|V) = 15 V ees eo ee 
ii Low-level control input current MeO ee ee 


V = V ; V _= 0, . 
Comparator input current reft  ¥CC ref +0,5 +2 LA 
folock = 640 kHz, See Note 3 


loc _ Supply current felock = 500 kHz pm 


. Analog inputs 
Cj Input capacitance - 
Control inputs 





























XFIT] &G 
o{n}] m 


Ladder resistance from pin 19 to pin 23 


analog multiplexer 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
ae ee eens ee eee i” 
nne! on-state res = = 
an : : Ta = —40°C to 85°C 
Difference in on-state resistance 
RL =10k2 75 Q 
between any two channels 
cc f | nA 
Ta = 25°C 
TTypical values are at Veco =5 V and Ta = 25°C, 


NOTE 3: Comparator Input current Is the blas current into or out of the chopper stabilized comparator. The bias current varles directly with 
clock frequency and has Ijttle temperature dependence, 




















loff Channel off-state current 






—10 -—200 
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TYPES ADC0816, ADCO817 
DATA ACQUISITION SYSTEMS 





operating characteristics over recommended operating free-air temperature range, VCC = VREF+=5V, 
VREF- = 0 V, analog input voltage = comparator input voltage (unless otherwise noted) 


PARAMETER TEST CONDITIONS = 2A DE0sip vinnie UNIT 
MIN’ TYPt MAX |MIN TYPt MAX | - 


Supply voltage Vcc = Vref+ = 4.75 V to 5.25 V, 
Ta =—40°C to 85°C, See Note 4 























sensitivity 






I+ 
© 
on 


+0.25 +0.5 +0.25 +0.5 LSB 


Total unadjusted Ta=25 C +0,25 0. cep 
error (see Note 8) Ta = —40 C to 85 C 7 


Zeroerror(seeNote6) { +0. 











Resolution 
(quantization) error +0.5 +0.5 | LSB 


Delay time, address 


25 +0.5 +0.25 










load contro} to Rg t+ Ron < 5 kQ, Ci =10pF, 


Pin 15 connected to pin 18 













analog multiplexer 





output 


tpzx Output enable time C= 50pF, SeeNote11 | 125 250] 125 250 


= 10 pF R) =10k2 
ena als 1 250 125 250 
See Note 11 


25 
tconv Conversion time felock = 640 kHz, See Note 11 90 100 114; 90 


rect a 


¥ Typical values for all except supply voltage sensitivity at Vcc = 5 V, and all are at Tp = 25°C, 
NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage varies. 
The supply and Vye¢4 are varied together and the change in accuracy Is measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 


tpxzZ Output disable time 


=e 
a 


_ 
Or 
~” 




















Clock 


t end of conversion 
d(EOC) of conversio nailads 





output 





o 


Zero error is the difference between the output of an ideal converter and the actual A/D converter for zero input voltage, 
7. Fulf-scale error is the difference between the output of an ideal converter and the actual A/D converter for full-scale input 
voltage, 
8. Total unadjusted error is the maximum sum of tinearity error , zero error, and full-scale error. 
9. Resolution error is the +% LSB uncertainty caused by the converter’s finite resolution. 
10. Overall error describes the difference between the actual! Input voltage and the full-scale weighted equivalant of tha binary output 
code. Included are resolution and all other errors, 
11. Refer to the operating sequence diagram. 
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TYPES ADCO816, ADCO81/ 
DATA ACQUISITION SYSTEMS 





PRINCIPLES OF OPERATION 


The ADC0816 and ADC0817 each consists of an analog-signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 


multiplexer 


The analog multiplexer selects 1 of 16 single-ended input channels as determined by the address decoder. Address 
load contro! loads the address code into the decoder on a low-to-high transition, and expansion control enables the 
output of the analog multiplexer. The analog signal output and comparator input pins allow additional conditioning 
(prescaling, sample and hold, amplification, etc.) of the selected signal before conversion. 


converter 


The 8-bit analog-to-digital converter is the primary operating unit in the ADCO816 and ADC0817. It is partitioned 
into three major sections: the 256R resistor ladder and switch tree (see Figure 1), the successive approximation register 
(SAR), and the comparator. Output from the converter is parallel binary positive logic with three-state contro!. The 
256R resistor ladder and switch tree exhibits inherent monotonicity with no missing digital codes. This is particularly 
important in closed-loop feedback control systems, as a nonmonotonic relationship can cause oscillations that could 
be catastrophic for the system. The bottom resistor and the top resistor of the ladder are not the same value as the 
other resistors in the circuit. The difference in these resistors causes the output characteristic to be symmetrical with 
respect to the zero and full-scale points of the transfer curve. The first output transition corresponds to an analog 
signal equal to % LSB and each succeeding output transition equals 1 LSB up to full-scale. The 256R resistor ladder 
does not cause load variations on the reference voltage. The SAR performs eight iterations to approximate the input 
voltage. 


The comparator is chopper stabilized. It is this stabilization that reduces temperature sensitivity, input offset error, 
and Jong-term de drift. 


The SAR is reset on the low-to-high transition of the start conversion (SC) pulse. The conversion is begun on the 
high-to-low transition of the SC pulse. A conversion in process will be interrupted by receipt of a new SC pulse. 
Continuous conversion may be accomplished by connecting the end-of-conversion output to the SC input. If used in 
this mode, and external start pulse should be applied after power up. The end-of-conversion output will go low between 
one and eight clock pulses after the low-to-high transition of the SC pulse. 


REF+ 
CONTROLS FROM SAR 


11/2R 


TO COMPARATOR 


f 





REFW 


FIGURE 1-256R RESISTOR LADDER AND SWITCH TREE 
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LINEAR TYPES MC1545, MC1445 
INTEGRATED GATE-CONTROLLED 
CIRCUITS 2-CHANNEL-INPUT VIDEO AMPLIFIER 


BULLETIN NO. DL-S 12742, JANUARY 1980 






e Differential Inputs and Outputs e 16-dB Mintmum Gain 
e Channel Select Time... 20 ns Typ e Common-Mode Rejection Typically 85 dB 
e Bandwidth Typically 50 MHz e Broadband Noise Typically 25 n.V 


MC1545...J DUAL-IN-LINE OR 
W FLAT PACKAGE 
MC1445 ...J OR N DUAL-IN-LINE PACKAGE 
description (TOP VIEW) 


The MC1545 and MC1445 are general-purpose, gated, 
dual-channel wideband amplifiers designed for use in 
video-signal mixing and switching. Channel selection 
is accomplished by control of the voltage level at the 
gate. A high logic level selects channel A; a low logic 
level selects channel B. The unselected channel will 
have a gain of one or less. 


Vec+ Vec-— 


The MC1545 is characterized for operation over the 

full military operating temperature range of —55°C 

to 125°C. The MC1445 is characterized for operation 
from 0°C to 70°C. 

INV GATE NON- INV NON- INV NON- 

OUTPUT INV INPUT INV INPUT INV 


INPUT B INPUT A OUTPUT 
B 





NC — No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


| Mcis45 [| Mc1445 | UNIT 

Supply voltage Vcc+ (see Note 1) 
Supply voltage Vog— (see Note 1 Se Ge TG 
Differential input voltage (see Note 2) Ee ee 


Output current 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 
3 3 


























= 
3i< 











of 3 


afojojols 


+5 
75 75 
260_| 


NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of Vec+ and Vcc_. 





Differential input voltages are measured at a noninverting input terminal with respect to the appropriate inverting input terminal. 


3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J package, MC1545 chips are alloy - 
mounted; MC1445 chips are glass-mounted. 





ADVANCE INFORMATION 
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a new product. Specifications are subject 
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TYPES MC1545, MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 





DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR TA 
J {Alloy-Mounted Chip) 675mW = 11.0 mW/C 


PACKAGE 


J (Glass-Mounted Chip) 675 mW 8.2 mW/C 
N 675 mW 9.2 mW/C 
W 675 mW 8.0 mw/C 





Also see Dissipation Derating Curves in Section 2. 


electrical characteristics at Vec+ = 5 V, Vec— =—5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 
Large-signal-single-ended 
Avs nae f = 125 kHz, V; = 20 mv 
voltage amplification 
BW Bandwidth Vj =20 mV | 40 50 | 
Vio _Inut offset voltage Poe oe 





NIT 


MIN TYP MAX |MIN TYP MAX 


° 
- + 
o|= _ 
~Ifo oO 
NO 
NQ 
W 
GO 
- 
.~ ‘= Eit 








iio ___Input offset current ee 
lip Input bias current 15 30 
Vic Common-modevoltagerange | £2.5 


Maximum peak-to-peak 
V f = 50 kHz, Rp =1k2 
OPP output voltage swing : 








Zj Input impedance f = 50 kHz 
CMRR Common-mode rejection ratio f = 50 kHz (ey — OS. 


a ee 
m" noise voltage Rs = 50 2 


@ Propagation delay time, AV) = 20 mv 50% to 50% 
LH low-to-high-level output ; 


: Propagation delay time, AV s0cRY 50% to 50% 
PHL high-to-low-level output | : : z 


avj=20mV, 10% 10 90% 
715 
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LINEAR TYPES MC3523, MC3423 


INTEGRATED VERVOLTAGE- T 
CIRCUITS eee 





MC3523..... JG 
e Commercial and Military Temperature GIS Teor rite 
Ranges Available (TOP VIEW) 


e Separate Outputs for “Crowbar” and Logic aSICASGE 


Circuitry OUT- REMOTE 
OUTPUT VEE PUT ACTIVATE 


e@ Programmable Time Delay to Eliminate 
Noise Triggering 


e TTL-Level Activation Isolated from 
Voltage-Sensing Inputs 


e 2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 0.08%/° C 


Vec SENSE SENSE CURRENT 
1 2 SOURCE 





description 


These overvoltage-sensing circuits are designed to protect sensitive electronic circuitry by monitoring the supply rail and 
triggering an external “crowbar” SCR in the event of a voltage transient or loss of regulation. The protective mechanism 
may be activated by an overvoltage condition at the Sense 2 input or by application of a TTL high level to the remote 
activate terminal. Separate outputs are available to trigger the crowbar circuit and to provide a logic pulse to indicator 
or power supply control circuitry. The Sense 2 input provides a direct control of the output circuitry. The Sense 1 
input controls an internal current source that may be utilized to implement a delayed trigger by connecting its output 
to an external capacitor and the Sense 2 input. This protects against false triggering due to noise at the Sense 1 input. 


The MC3523 is characterized for operation over the full military temperature range of —55°C to 125°C. The MC3423 is 
characterized for operation from 0°C to 70°C. 





functional block diagram 


Vcc 





CURRENT 

SOURCE 
} (4) CURRENT 
SOURCE 


SENSE 1 


SENSE 2 


VEE REMOTE INDICATOR 
ACTIVATE OUTPUT 
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TYPES MC3523, MC3423 
OVERVOLTAGE-SENSING CIRCUITS 





absolute maximum ratings 


Supply voltage, Vcc (seeNote 1) 2. 1 1 ww ke ee ee ee ee ee ee ee ee eee ee LOY 
Sense VVeltage. nub 6. ee sk. Ea he, So OE Se SE BE Oe ESE Ee tS ee SO EV 
Sense 2 voltage J spy cde he Sp OR: See Re tere sine Ga en ok Oe Ge Sel Ae Je ae i Se Se es ee ok TV 
Remote activate inputvoltage 4. . 64 6 6 eb Sw ee Ge Wwe we ee ee ee ee ee oe oe FV 
OUTOUT CLIPPER NG se: 45 ah ae aie es WS, ete ee, a a a Se De, py a,c ee 300 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2):MC3523JG Seca, at tae Ah ete 825 mW 
MC3423JG .. 2... 082 wes 1000 mW 

FP PaCKAGe: <a. ¥. Je ble ee 1000 mW 

Operating free-air temperature range: MC3423. . . . ww. eee © og: Gods Gack. ee & dye ce OO Cte 70°C 
MC3523) 6 ww ke te ee ee ee ee wee BEC to 125°C 

Storage temperature range... we ee ee ee ee ee ek ee ee ee ee es 65°C to 150°C 


NOTES: 1. Voltage values are measured with respect to the Veg terminal. 


2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Tablfe. In the JG package, MC3523 chips are 
alloy-mounted; MC3423 chips are glass-mounted. 


recommended operating conditions 


MIN MAX UNIT 
Supply voltage, VCC ...+... ee ee yee 4.5 40 V 
High-level input voltage, remote activate input ees BG re hes Oe, Se CS. Se a 2 V 
Low-level input voltage, remote activate input Bo Mgr. ge. Spt cag hs ke AW - of el a Ses SD 0.5 V 


electrical characteristics over operating free-air temperature range, VCC = 5 V to 36 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Cuesiewan Remote activate at 2 V, v, 22V Vv 1ayV y 
utput voltage — 2. — 1. 
i : Io = 100 mA cc ee 
: Remote activate 2 V, 
Indicator low-level output voltage Vv 
| lo = 1.6 mA 


Threshold voltage at either sense input Ta = 25°C 2.45 2.6 2.75 
0.1 












Temperature coefficient at input threshold voltage ees (as) %f" C 
Source current (pin 4) Sense 1 at 3 V, Pin 4 at 1.3 V 0.22 0.3 


High-level input current, remote activate input Vcc =5V, Vjp=2VvV PB 
Low-level input current, remote activate input Vec=5V, V, = 0.8 V —120 —180 


upply curren rMC3523 utputs open m 
MC3523 


Propagation delay time, remote activate input to output | Ta = 25°C Pots 








DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 
JG (Alloy-Mounted Chip) 1050 mw 8.4 mWPC 


PACKAGE 


JG (Glass-Mounted Chip) 825 mW 6.6 mW/C 
P 1000 mw 8mWPC 





Also see Dissipation Derating Curves, Section 2, 
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LINEAR | 
INTEGRATED 
CIRCUITS 


TYPES SE555, NE555 
PRECISION TIMERS 


BULLETIN NO. OL-S 12053, SEPTEMBER 1973—REVISED OCTOBER 1979 





@ Timing from Microseconds to Hours 
e Astable or Monostable Operation 
e Adjustable Duty Cycle 


‘e TTL-Compatible Output Can Sink or 
Source up to 200 mA 


e Designed to be Interchangeable with 
Signetics SE555/NE555 


description 


The SE555 and NE555 are monolithic timing circuits 
capable of producing accurate time delays or oscilla- 
tion. In the time-delay or monostable mode of opera- 
tion, the timed interval is controlled by a single ex- 
ternal resistor and capacitor network. In the astable 
mode of operation, the frequency and duty cycle 
may be independently controlled with two external 
resistors and a single external capacitor. 


The threshold and trigger levels are normally two- 
thirds and one-third, respectively, of Vcc. These 
levels can be altered by use of the control voltage 
terminal. When the trigger input falls below the 
trigger level, the flip-flop is set and the output goes 
high. When the threshold input rises above the 
threshold level, the flip-flop is reset and the output 
goes low. The reset input can override all other inputs 
and can be used to initiate a new timing cycle. When 


the reset input goes low, the flip-flop is reset and the. 


output goes low. When the output is low, a low- 
impedance path is provided between the discharge 
terminal and ground. 


The output circuit is capable of sinking or sourcing 
current up to 200 milliamperes. Operation is specified 
for supplies of 5 to 15 volts. With a 5-volt supply, 
output levels are compatible with TTL inputs. 


TEXAS INSTRUMENTS 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


CONTROL 
DIS- THRES- VOLT- 
VecCHARGEHOLD AGE 


GND TRIG- OUT- RESET 
GER PUT 








functional block diagram 


CONTROL 


VOLTAGE RESET 


Vcc 


THRESHOLD 
OUTPUT 


TRIGGER 





GND 


DISCHARGE 
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TYPES SE555, NE555 
PRECISION TIMERS 





schematic 
° , a e 1] 
CONTROL (5) 7a a 
NOUIAEE ieee 


( 
TRIGGER 


_ aaie 
(7) 
DISCHARGE 
Q1 
g 4.7k 
(1) aa pond oe 
GROUND ; 


Resistor values shown are nominal and in ohms. 


s 


7 
2 


~ 


= 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’ 


Supply voltage, Vcc (see Note 1) a Gnas ee A. ey Be OT dees Wh Oe, Be ee eS a 18 V 
Input voltage (control voltage, reset, threshold, trigger) . . . 1... ee ee ee ee ee eee ehe©6h6UN UE 
Output current By. He aaah gah ale p ee Tha kote eg, “ee Ap eae ud “See Re ee oe ce +225 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) . ...... 2... . 600mW 
Operating free-air temperature range: GE5OS isk oe Bae Se Bale Oe Ee arg e SBS Cte125'C 

NESDS 2. 6:4. 4-8 Sweatt wee Exe ee Sede & OEIO70C 
Storage temperature range bine 29. By pea a8. hee. ghee Us Ge toes Me BPs Oe —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package be ile we wh hh ey ce em | 2OOOLe 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ge SBD es ae A tee ee ey 260°C 


NOTES: 1, All voltage vafues are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, SE555 chips are alloy- 
mounted, NE555 chips are glass-mounted. 


recommended operating conditions 


MIN NOM MAX |MIN NOM MAX 
a ae 


Pp NESSS iy 


+200 +200 


A 


m 
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TYPES SE555, NE555 
PRECISION TIMERS 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


eect aie | CC SESSS 
Threshold voltage level as a 
percentage of supply voltage 










- Threshold current (see Note 3) 


Pee 'Vec=15V00— sti—i‘sC*dCY =15V 
Trigger voltage leve 
is e Vcc =5V 


Trigger current feel eee eel 
Reset voltage level fee ee ed 


Reset current 


Control voltage Vec=15V : 1 10.4 
BV 


ope toma | 0018 

ioL=80mA [0a as | 04078 
Vcc =15V 

io = 100 mA 3 

lop=200mA [25 


3.3 3. 
= 2 : 
2.5 
ion=5mA_ [| 
lIoL=8mA 0.1 0.25 
= 3 3.3 


oak 
= Za) 
o 
p 

_ on 
So O ® 
i “I ~ 
ooh 


66.7 

1.45 1.67 
0.4 0.7 
9.6 0 


(open-circuit) Vcc 3.3 
2 





Low-level output voltage 


0.25 0.35 






High-level output voltage 


2.9 
! =—100mA 13. 13.3 12.75 13.3 
io =200mal 125 


Oupitiow, [Vec=15V__[ 102 | ~~ 
3 
Sa TAR 5 

= 2 









Supply current 


Output high, Vcc =15V 
No load Voo=5V 





2 


ND 
o 
w N 
wo o 
2 N 
ol on b 


= 
ao; a] 


NOTE 3: This parameter influences the maximum value of the timing resistors Ra and Rep in the circuit of Figure 13. For example when 


Vcc = 5 V the maximum value is R = RatRe ~ 20 MQ. 


operating characteristics, Vcc = 5 V and 15 V 


PARAMETER TEST CONDITIONSTt | ___—SEBSS 

MIN TYP MAX |MIN TYP MAX 

Initial error of Ra = 1k to 100 k2,| Ta = 25°C 1 
timing interval 

Temperature coefficient Fin = 040 700: Ta = MIN 30 1 

of timing interval B . , to MAX 

Supply voltage sensitivi 

ee - C=0.1 pF Ta = 25°C 

of timing interval 


Output pulse rise time s 
- C; = 15pF, Ta =25C 
Output pulse fall time 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 













oO 
oO 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR TA 
JG (Alloy-Mounted Chip) 600 mW 8.4 mw/C 79°C 


PACKAGE 


JG (Glass-Mounted Chip) 600 mw 6.6 mw/C 59°C 
P 600 mW 8.0 mW/C 75°C 





Also see Dissipation Derating Curves, Section 2. 


FIGURE 1 
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TYPES SE555, NE555 
PRECISION TIMERS 





LOW-LEVEL OUTPUT VOLTAGE 
vs 


LOW-LEVEL OUTPUT CURRENT 

















fh 

@ Ps ee 

5 ees ee hes, 
> ee 
2 1 oe 
pe} Lt} 
3 (=a 
é 0.7 tt 
3 e oo pp oF ft 
3 04f—TA= FE Ta = 125 
} 
= og+—{1LU Ye} [ [l 
oe ee ee 
al aes ar ee GE 0 ee Geet 
16) 0.04 B= ieee tesaiee 
iS) vs }——_—| 
S600 ta eee a 


7 10 20 40 70100 
Saaramtee Output Current—mA 


FIGURE 1 


eae 


DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 


vs 
HIGH-LEVEL OUTPUT CURRENT 


= 
Lee aiill 








ta =aastel| 
0 
aa crit Lh 
poet LCI 
a 


Vec=5Vto 15 V 


Voc—-VOH—Voltage Drop—V 
ty 
a 
— sae 
[ 
\ 


0.4 


0.2 
0 
1 2 7 10 %20 £40 = 70100 
eee Output Current—mA 
FIGURE 4 
NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 
vs 
SUPPLY VOLTAGE 

> 1.015 
= 
Nl 

© 1.010 
© 
> 

@ 1.005 
= 
fr 
> 

£& 1.000 
es 
8 

rc «(0.995 
= 
2 

% 0.990 
a 
a 

0.985 

0 5 10 16 20 


Vecc—Supply Voltage—V 


FIGURE 7 


TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


Mt 
\\ 
RAN 
ttt ty } 
oe 


XU 


NII 
NY 


a0 
H | | 
mp 
a 


th 


‘i 
ow 
2 
6 
> 
3S 
= 
3 
6 
rr) 
> 
» 
2 
3 
o 
T 
a 
5 
> 





7 10 20 40 70100 
!oL—Low-Level Output Current~mA 


FIGURE 2 


SUPPLY CURnew! 
VS 


SUPPLY VOLTAGE 






10 
Output low, 
















Een? 
COAT 
apt Be 


I¢c—Supply Current—mA 





P| | Retasraste | | | 


5 6 7 8 9 10 14 12 13 14 15 
Vcc—Supply Voltage—V 


FIGURE 5 


NORMALIZED OUTPUT PULSE WIDTH 


(MONOSTABLE OPERATION) 
vs 


FREE-AIR TEMPERATURE 


= 25°C 


Pulse Width Relative to Value at Ta 





5 
-75 -60 -25 0 25 50 75 
Ta—Free-Air Temperature—C 


100 125 


FIGURE 8 


_T Data for temperatures below 0°C and above 70°C are applicable for SE555 circuits only. 
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tw{min)—Minimum Pulse Width—ns VoOL—Low-Level Output Voltage—V 


tpp—Propagation Delay Time—ns 








LOW-LEVEL OUTPUT VOLTAGE ~ 
vs 
LOW-LEVEL OUTPUT CURRENT 





pt AA Ts 
On SS: 


NTH 
NAC S COO 


al WN 
mf T iititgy MW CF ii srii 





HN ell 


[alle Well 
och 
animal 
2 4 710 .20 40 70100 
to—Low-Level Output Current—mA 
FIGURE 3 


MINIMUM PULSE WIDTH REQUIRED 


FOR TRIGGERING 
VS 


LOWEST VOLTAGE LEVEL OF 
TRIGGER PULSE 





0.1xVco 0.2xVcCc 0.3xVcc 0.4xVcc 
Lowest Voltage Level of Trigger Pulse 


FIGURE 6 


PROPAGATION DELAY TIME 
vs 


LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 


Ta=0°C A 


f 
a 


7 


0.1xVec 0.2xVcc 0.3xVcc 0.4xVcc 
Lowest Voltage Level of Trigger Pulse 


FIGURES 





TYPES SE555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


monostable operation 


Vcc (5 V to 15 V) 








INPUT TRIGGER 


SE555/NE555 
DISCHARGE 








(5) |CONTROL 


VOLTAGE TuRESHOLD 





rE 


FIGURE 10—CiIRCUIT FOR MONOSTABLE OPERATION 





Ra =9.1k2 
C = 0.01 pF 
RL=1k2 
See Figure 11 


INPUT VOLTAGE 


ae 
Fa se pe 


pL me 
eae a eee 
ott tt 
hee OUTPUT VOLTAGE Zens 
Roe? eee eee 
a tH 


Time—O.1 ms/div 
FIGURE 11—-TYPICAL MONOSTABLE WAVEFORMS 


ee ee 
EI all 
oe 


[| 
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For monostable operation, the SE555/NE555 may be connected as shown in Figure 10. If the output is low, applica- 
tion of a negative-going pulse to the trigger input sets the flip-flop (O goes low), drives the output high, and turns off 
Q1. Capacitor C is then charged through Ra until the voltage across the capacitor reaches the threshold voltage of the 
threshold input. If the trigger input has returned to a high level, the output of the threshold comparator will reset the 
flip-flop (OQ goes high), drive the output low, and discharge C through Q1. 


Monostable operation is initiated when the trigger input voltage falls below the trigger threshold. Once initiated, the se- 
quence will complete only if the trigger input is high at the end of the timing interval. Because of the threshold level and 


saturation voltage of Q1, the output pulse width is 
approximately ty = 1.1 RAC. Figure 12 is a plot of 
the time constant for various values of Ra and C. The 
threshold levels and charge rates are both directly 
proportional to the supply voltage, Vcc. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 


Applying a _ negative-going trigger pulse simul- 
taneously to the reset and trigger terminats during the 
timing interval will discharge C and re-initiate the 
cycle, commencing on the positive edge of the reset 
pulse. The output is held low as long as the reset 
pulse is low. When the reset input is not used, it 
should be connected to Vcc to prevent false 
triggering. 


tw—Output Pulse Width—s 








C—Capacitance—uF 


FIGURE 12—OQUTPUT PULSE WIDTH vs CAPACITANCE 
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TYPES SE555, NE555 
PRECISION TIMERS 





; TYPICAL APPLICATION DATA 
astable operation 


Vcc (5 V to 15 V) 












SE555/NE555 
DISCHARGE 






Voltage—1 V/div 










OPEN 
(See Note A) 


(5) CONTROL | 
VOLTAGE THRESHOLD 






OUTPUT VOLTAGE 


AN ANI ANAL AA 

A Ae oe A 

NOTE A: Decoupling the contro} voltage input (pin 5) to ed a ear lad Ga Loe hes 
ground with a capacitor may improve operation. 


This should be evaluated for individual applications. Time—0.5 ms/div 
FIGURE 13—CIRCUIT FOR ASTABLE OPERATION FIGURE 14—TYPICAL ASTABLE WAVEFORMS 







Addition of a second resistor, Rp, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger 
input to the threshold input will cause the SE555/NE555 to self-trigger and run as a multivibrator, The capacitor C will 
charge through Ra and Rp then discharge through Rg only. The duty cycle may be controlled, therefore, by the values 
of Ra and Rg. 


This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
(~0.67*Vcc) and the trigger-voltage fevel (~0.33-Vcc). As in the monostable circuit, charge and discharge times (and 
therefore the frequency and duty cycle) are independent of the supply voltage. | 


Figure 14 shows typical waveforms generated during astable operation. The output high-level duration ty and low-level 
duration ty may be found by: 


tH = 0.693 (Ra + Rg) C 
tL = 0.693 (Rp) C 

Other useful relationships are shown below. 
period = ty + tL = 0.693 (Ra + 2Rp) C 


frequenc eee a 

quency © (Ra +2Rp) 

Output driver dut le = et = RB 

utput ariver Uv vee tHttL = RaAt2RB 
Rp 


tH 
Output waveform duty cycle Sr 1 "Rat 2Rg 





tL Rg 


pa La “RAT Rp C—Capacitance—yF 


FIGURE 15—FREE-RUNNING FREQUENCY 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 
missing-pulse detector 


Vcc (5 V to 15 V) 


TRIGGER 


SE555/NE555 
DISCHARGE LE! 


Voltage—2 V/div 


Li OUTPUT a i She ed 
AWAIALAIZAL IAAL 
re YH LAY YG 

Cee oT 


Time—0.1 ms/div 


THRESHOLD 
GND 





FIGURE 16—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17—MISSING-PULSE DETECTOR WAVEFORMS 


The circuit shown in Figure 16 may be utilized to detect a missing pulse or abnormally long spacing between consecutive 
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse 
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated 
pulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17. 


frequency divider 


By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a frequency divider. 
Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing 6 
cycle. 


Ra = 1250.2 
C= 0.02 uF 
RL = 1kQ 
See Figure 11 


OUTPUT VOLTAGE 


Time—0O.1 ms/div 





FIGURE 18—DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 
pulse-width modulation 


Vcc (5 V to 15 V) 


MODULATION INPUT VOLTAGE 


ame oy 
ourPUT : SE 


mobs [ee cone 






CLOCK 
INPUT 
SE555/NE555 


DISCHARGE 





MODULATION 
INPUT 
(See Note A) 






(5) |CONTROL 
VOLTAGE THRESHOLD 


NOTE A: The modulating signa! may be direct or capaci- 
tively coupled to the control voltage terminal. For i ud CAPACITOR VOLTAGE 
direct coupling, the effects of modulation source 
voltage and impedance on the bias of the 
SE555/NE555 should be considered, 


FIGURE 19—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 20—PULSE-WIDTH-MODULATION WAVEFORMS 
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is 
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit for 
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage 
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 20. 
A sine-wave modulation signal is illustrated, but any wave-shape could be used. 





Time—0.5 ms/div 


pulse-position modulation 






Vcc (5 V to 15 V) 


MODU IS ~ VOLTAGE 


mi 
CTT TT 
| 

HH 








SE555/NE555 
DISCHARGE 


MODULATION (5) {CONTROL 


INPUT VOLTAGE 
(See Note A) THRESHOLD 


C OUTPUT VOLTAGE 


et at 
NOTE A: The modulating signal may be direct or capaci- Te eT 
on cick) 


tively coupled to the control voltage terminal. For 
direct coupling, the effects of modulation source 





CAPACITOR VOLTAGE 


voltage and impedance on the bias of the Time—0.1 ms/div 
SE555/NE555 should be considered. 
FIGURE 21—CiIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22—PULSE POSITION-MODULATION WAVEFORMS 


The SE555/NE555 may be used as a pulse-position modulator as shown in Figure 21. In this application, the threshold 
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a 
triangular-wave modulation signal, however, any modulating wave-shape could be used. 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 
sequential timer 


Vcc 





Vcc 


TRIGGER eee 


SE555/NE555 
DISCHARGE 


(5) CONTROL 
VOLTAGE 


















SE555/NE555 
DISCHARGE 


5) JCONTROL 
VOLTAGE THRES- 

HOLD 
GND 

















THRES- 
HO 






Cc = 14.7 uF 





Ca = 10 uF 
Ra = 100 ko Rc = 100 kn 
OUTPUTA Cp = 4.7 uF OUTPUT B OUTPUT C 
S closes momentarily at t = 0. Rg = 100 ka. 


FIGURE 23—SEQUENTIAL TIMER CIRCUIT 


Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such 
as test equipment require activation of test signals in sequence. SE555/NE555 circuits may be connected to provide 
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections, 
with or without modulation, for extremely flexible waveform control. Figure 23 illustrates a sequencer circuit with 
possible applications in many systems and Figure 24 shows the output waveforms. 


t | 















Voltage—5 V/div 







t—Time—1 s/div 


FIGURE 24—SEQUENTIAL TIMER WAVEFORMS 
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LINEAR 
INTEGRATED 
CIRCUITS 





Two Precision Timing Circuits per Package 
Astable or Monostable Operation 


TYPES SE556, NE556 
DUAL PRECISION TIMERS 


BULLETIN NO, DL-S 12609, APRIL 1978 


SE556....J 
NE556....JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


TIMER 2 


——————————— 


CONTROL 


TTL-Compatible Output Can Sink or Source VERGE NR A AE oe ee 
up to 150 mA 


Active Pull-up and Pull-Down 
Designed to be Interchangeable with Signetics 


SE556/NE556 


APPLICATIONS 


Precision Timer from 
Microseconds to Hours 
Sequential Timer 
Pulse-Shaping Circuit 
Pulse Generator 
Missing-Pulse Detector 
Tone-Burst Generator 
Pulse-Width Modulator 
Time-Delay Circuit 
Frequency Divider 
Pulse-Position Modulator 
Appliance Timer 
Touch-Tone Encoder 
Industrial Controls 


description 


DIS THRES- CON- RESET OUT- TRIG- GND 
CHARGE HOLD TROL PUT GER 
VOLTAGE 


TIMER 1 





functional block diagram of each timer 


CONTROL 
Vcc VOLTAGE RESET 


THRESHOLD 


TRIGGER 


GND DISCHARGE 


The SE556 and NE556 provide two monolithic, independent timing circuits of the SE555/NE555 type in each package. 
These circuits can be operated in the astable or the monostable mode with external resistor-capacitor timing control. 
The basic timing provided by the RC time constant may be actively controlled by modulating the bias of the control 
voltage input. 


The SE556 is characterized for operation over the full military temperature range of —55 C to 125 °C. The NES5S6 is 
characterized for operation from OC to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). ay Sr xe AE ke bl. =e 82 Se Bs, Ee hac aie eGR € 18 V 
Input voltage (control voltage, reset, hiechold: triage be BAe Gta eee at AE i Gi ee Sh nae ee _- 
Output current : a eae +225 mA 
Continuous total dissipation - (ois below) 70° C foe: -air Meniperatute lke Note 2) on Baek Ge Se og BOOIMW 
Operating free-air temperature range: SE556 ...... ee ee ee ee ee ee) 655°C to 125°C 

NE656. «a v4 64 Oa SR ESS A ie eS Se. OCT 
Storage temperature range : a oe ee Wht Ae eS’, ee 2S —65°C to 150°C 
Lead temperature 1/16 inch (1,6 inl paint case oo 60 seconds: 4 package bode Be He te. GS ae ae 0O-C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 5. od, eek, Bd a. es te xe e200 -G 

NOTES: 1. All voltage values are with respect to network ground terminal. 


2. For operation of the SE556 above 77°C free-air temperature, derate linearly at the rate of 8.2 mw/°Cc. 


Copyright © 1978 by Texas Instruments tncorporated 
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TYPES SE556, NE556 
DUAL PRECISION TIMERS 





recommended operating conditions 


| MIN NOM MAX | MIN NOM _ MAX | UNIT 


Input voltage, Vy (control voltage, reset, threshold, trigger) 
Ouiput Current, 19 


Operating free-air temperature, Ta —55 125 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


MIN TYP MAX | MIN TYP MAX 
Threshold voltage level as a 
66.7 66.7 
percentage of supply voltage 
Threshold current (see Note 3) 30 100 | 80 100 | nA 
Veo =15V ae a S| 


Trigger volt level 
icalieine cae Voc =5V 145. 1.67. «219 1.67 


Trigger current 
Reset voltage level 


o 
rs 
o 
nN 
—_ 
Oo 
ms 






High-level output voltage IOH = —200 mA 


Vec =5V 1oH = —100 mA 2.75 3.3 
Output tow, | _Vec= tv [0 { 10 ~—=—O 
Supply curren ee ee 
(average per timer) Output high, | _Vec= tev] 9 to] 


‘NOTE 3: This parameter influences the maximum value of the timing resistors Rp and Rg in the circuit of Figure 13 on page 286, For example, 
when Vcc = 5 V the maximum value is R = Ra + Rg © 20 M22. 


[Peer 
ieee eens eee ee ee 
Control voltage Veco = 15 V 9.6 io t0o4{[ 9 10 1] 
(open-circuit) Vec=5V 29 33 38 | 26 33 4 | 
(OL=10mA [oa ois |i 08 | 
ion =50mA | ~~ 04 075 
Vcc = 15 V ve 
Low-level output voltage 8) Math lncedtSl P2228 sath V 
topn=200mA | 25 | 
Vec=5V 
ion = mA i 
lon =—100 mA| 13. 13.3 12.75 13.3 
nee SS [Fon = =200 ma y 


monostablet operating characteristics, Vcc = 5 V and 15 V 


TEST 


eer | sessg | NESSES 
ee CONDITIONS? [MIN TYP MAX | MIN TYP MAX [unin 
initial error of Each timer : ee Pe 
Ta = 25°C % 
timing interval 8 Timer 1 — Timer 2 +0.05  +0.1 +0.1 +0.2 , 


Temperature coefficient TA = MIN to 
of timing interval MAX 
Supply voliage sensitivity Ta = 25°C 
of timing interval 

OL = 15 pF. 


Tvalues specified are for a device in a monostable circuit similar to Figure 10 on Page 285, with component values as follow: Ra = 2 k&, 
C=0.1 MF. 





tFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions. 
8Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: ty = 1.1 Rac. 
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e Magnetic-Field-Sensing Hall-Effect Input LP SILECTt PACKAGE 


e On-Off Hysteresis TOP VIEW 


e Small Size 


Vcc 


e Solid-State Technology 
GROUND 
e Open-Collector Output ere 


description 





The TL170C is a low-cost magnetically-operated electronic switch that utilizes the Hall Effect to sense steady-state 
magnetic fields. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, and an output 
transistor integrated into a monolithic chip. The outputs of these circuits can be directly connected to many different 
types of electronic components. 

The TL170C is characterized for operation over the temperature range of O°C to 70°C. 


FUNCTIONAL BLOCK DIAGRAM 















Perstgh sn Oe gehts ye ee ee Dy FUNCTION TABLE (Ta = 25°C) 
“ 
TRANSISTORS <—25 mT Off 
SIives TRIACS —25mT<B<25mT Undefined 
HALL-EFFECT SIGNAL CONDITIONING RELAYS 


SENSOR ANDO HYSTERESIS 


= 25mT On 





pe ee el 


mechanical data 6 


The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


SEATING PLANE 0.165 (4,19) 
| 0.050 (1,27) 0.125 (3,17) 


(see Note b) 0.105 (2,67) 0.105 (2,67) 
0.080 (2,03) 


0.080 (2,03) 
0.205 (5,21) 0.135 (3,43) 
0.175 (4,44) DIA. nny 


as ; 
| eae | 0.100 + 0.005 


0.210 (5,34) (2,54 + 0,13) 
0.170 (4,32) 0.500 (12,7) MIN 


0.050 + 0.005 
(1,27 + 0,13) 





3 LEADS 

0.017 + 0.005, —0.001 WIDE 
0.015 + 0.001 THICK 

(0,43 + 0,13, —0.03 WIDE 
0,38 + 0,03 THICK) 

(see Note c) 


NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b, Lead dimensions are not controlied in this area. 
c, Beyond 0,100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03). 
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE 
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TYPE TLI70C 
SILICON HALL-EFFECT SWITCH 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote?) «2 1 ww we ee et te ee ee te et ee AN 
Output voltage pees fap 362 oR Tie) oh Hig abe ye. va ee ee ae aps Same sat EPS, Sac tem Settee ae, Sr es ek SS. ho es Ge ep cer SO 
OUTOUECUITENT 2 ct oe wk hs. Gee eh ho ah He ee eh oe a Be ae Se we: Se COMA 
Operating free-air temperature range .. 1... ee ee ee ee ee ee ee ee ee we) OPC to 70°C 
Storage temperaturerange . 1... ee wee ee ee ee ee ee ee ee es 65°C to 150°C 
Magnetic flux density . . . 1. 1 1 1 ew ew ew ee ww tt ke te ee ee ww we wh e)~)©6untiMited 


NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics at specified free-air temperature, Vcc = 5 V + 5% (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Threshold of positive-going 
* magnetic flux densityt 0°C to 70°C 










Br ; ie 
2 Threshold of negative-going 
T magnetic flux densityt 0°C to 70°C 






low High-level output current VoH = 20V O°C to 70°C 
VOL Low-level output voltage Vcc =4.75V, IoL=i16mA_ |0°C to 70°C 


Output low 
1 Supply current Vec = 5.25 V | Outputiow O°C to 70°C 
“e — a Output high ocr 70 | 


TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL170C, a level more positive than B74 
causes the output to go to a low level and a level more negative than B-_ causes the output to go to a high level. See Figures 1 and 2. 





SThe unit of magnetic flux density in the International Systern of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter, 
Values expressed in millitesias may be converted to gauss by multiplying by ten. 

{ The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels 
only, 


+B N MIN Br_ 
t25°C 
s 4 
-—B S 
VOH VOH 
N 





VOL 
The north pole of a magnet is the pole 
that Is attracted by the geographical B (mT) B (mT) B (mT) 
north pote. The north pole of a magnet 
repels the north-seeking pole of a com- The positive-going threshold (B+ ;) may be a negative or positive B level at which a positive- 
pass. By accepted magnetic convention, going (decreasing negative or increasing positive) flux density results in the TL170 output turn- 
lines of flux emanate from the north on, The negative-going threshold is a positive or negative B level at which a negative-gaing (de- 
ies of a magnet and enter the south creasing positive or increasing negative) flux density results in the TL170 turning off. 
pole. 
FIGURE 1—DEFINITION OF FIGURE 2—REPRESENTATIVE CURVES OF Vo vs B 
MAGNETIC FLUX POLARITY 
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LINEAR TYPE TL172C 
INTEGRATED NORMALLY OFF SILICON HALL-EFFECT SWITCH 


Cl R CU IT BULLETIN NO. OL-S 12643, AUGUST 1977—REVISED FEBRUARY 1979 
Magnetic-Field-Sensing Hall-Effect Input 
e On-Off Hysteresis 

@ Small Size 


LP SILECTT PACKAGE 







TOP VIEW 


e Solid-State Technology Vcc 
@ Open-Collector Output | GROUND 


e Normally Off Switch OUTPUT 
description 





The TL172C is a low-cost magnetically operated normally off electronic switch that utilizes the Halt Effect to sense the. 
presence of a magnetic field. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, 
and an output transistor integrated into a monolithic chip. A magnetic field of sufficient strength in the positive 
direction will cause the TL172C output to be in a low-impedance state. Otherwise the output will present a high 
impedance. The output of this circuitry can be directly connected to many different types of electronic components. 


The TL172C is characterized for operation over the temperature range of O°C to 70°C. 


TL172C FUNCTIONAL BLOCK DIAGRAM 


TTL 

DTt 

RTL 

MOS 
TRANSISTORS 
SCR’S 

TRIACS 
RELAYS 











SILICON 
HALL-EFFECT 
SENSOR 






SIGNAL CONDITIONING 
AND HYSTERESIS 


aa: | 


mechanical data 6 


The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


SEATING PLANE 0.165 (4,19) 
+ 0.050 (1,27) 0.125 (3,17) 


(see Note b) 0.105 (2,67) 0.105 (2,67) 
——— —_—, 0.080 (2,03) 0.080 (2,03) 
0.205 (5,21) an 
y +t 


ion se 0.100 + 0.005 
0.210 (5,34) (2,54 + 0,13) 
0.170 (4,32) 0.500 (12,7) MIN 


(1,27 + 0,13) 





3 LEADS 

0.017 + 0.005, —0.001 WIDE 
0.015 + 0,001 THICK 

(0,43 + 0,13, —0.03 WIDE 
0,38 + 0,03 THICK) 

(see Note c) 


NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Lead dimensions are not controlled in this area. 


c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03). 
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE 





tTrademark Registered U.S, Patent Office. 
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TYPE TL172C | 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote1) «© 6 ww ee eee ee TN 
Output voltage: 92 fH A ee Re Ow ee a a aw a ee w % BOV 
OUIDUEGCUIFENE: oo cf owt ae SS be GP aoe Be a see ae ne ee ce oe Rac et et Bok. Soe. ZONA 
Operating free-air temperature range . . 1... eee ee ee ee ee ew ew we ee 60°C tO 70°C 
Storage temperature range . . 2. 1. we ee ee ee ee ee ee eee ee ee ee = 65°C to 150°C 
Magnetic flux density . . . . 1 1 wee ee ee ee ee eee ke ee ew ee el ew we e)6UuNTiMited 


NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over rated operating free-air temperature range, Vcc = 5 V + 5% 
(unless otherwise noted) 


PARAMETER 
Threshold of positive-going 
BT+ ‘ ot 
Magnetic flux density 
8 Threshold of negative-going 
si magnetic flux densityt 


By+—BT_ Hysteresis 


IOH High-level output current 
VOL Low-level output voltage 
loc Supply current 


tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL172C, a level.more positive than Bry 
causes the output to go to a low level, and a level more negative than B7_ causes the output to go to a high level. See Figures 1 and 2. 
8 The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss by multiplying by ten. 








+B N 
Ss 
—B s 
N 
The north pole of a magnet is the pole 0 10 B (mT) 60 


that is attracted by the geographical 
north pole, The north pole of a magnet 
repels the north-seeking pole of a com- 
pass. By accepted magnetic convention, 
tines of flux emanate from the north 
pole of a magnet and enter the south 
‘pole, 


FIGURE 1—DEFINITION OF FIGURE 2—REPRESENTATIVE CURVE OF Vo vsB 
MAGNETIC FLUX POLARITY 
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LINEAR TYPES TL1731, TL173C 


INTEGRATED LINEAR HALL-EFFECT SENSORS 
CIRCUITS 


BULLETIN NO. OL-S 12678, MARCH 1979 — REVISED OCTOBER 1979 








e Output Voltage Linear with Applied Magnetic Field | -LP SILECTt PACKAGE 


e Sensitivity Constant Over Wide Operating TOP VIEW 
Temperature Range 


e Solid-State Technology Vec 
e Three-Terminal Device GROUND 


@ Senses Static or Dynamic Magnetic Fields OUTPUT 





description 


The TL1731 and TL173C are low-cost magnetic-field sensors designed to provide a linear output voltage proportional 
to the magnetic field they sense. These monolithic circuits incorporate a hall element as the primary sensor along with 
a voltage reference and a precision amplifier. Temperature stabilization and internal trimming circuitry yields a device 
that features high overall sensitivity accuracy with less than 5% error over its operating temperature range. 


The TL1731 is characterized for operation from —20°C to 85°C. The TL173C is characterized for operation from 
0°C to 70°C. 


functional block diagram 





VOLTAGE 
REGULATOR 







SILICON 
HALL-EFFECT 
SENSOR 


CURRENT REGULATOR 






O OUTPUT 





O GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ........00, scab is toeorck cm Seva As Shi wri a eh esata OB pig awa wie 25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ........ee cee eee 775 mW 
Operating free-air temperature range: TL1731  ... 1. eee ee ee ec ee ee eet eee eeees —20°C to 85°C 

MLAIOO. chyh ed Gis oa G akan wae oe Pe ae ae ere 0°C to 70°C 
Storage temperature range 2... te ee ee ee ee eee eee eee eee eee eee —65°C to 150°C 
Magnetic Tux Gens” “6-5 Sars e a ase Se Bo te lee UE A Ah a Be ah eee won ae Br es unlimited 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/°C. 


recommended operating conditions 


TL1731 TL173C 
Pmin Nom Max [MIN NOM Max | |" 


Supply voltage, Vcc 108 12 13.2 | 108 12 13.2 

Magnetic flux density, B 
mA 
°c 


Psink 
Output current, Io 
| Source [| 2 
Operating free-air temperature, Ta —20 85 i220) -— - 90) I ee} 


tTrademark of Texas Instruments Incorporated, 
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TYPES TL1731, TL173C 
LINEAR HALL-EFFECT SENSORS 





electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER 
Vo _—— Output voltage lo = —2 mA to 0.5 mA, | 
ksysg Supply voltage sensitivity (AVj9/AVcc B=OmT§&, Ta=28C | 18 — | mviv | 
S Magnetic sensitivity (AVQ/AB) | B=-50to50mT§, Ta=25°C | 135 15 16.5 | V/TS 
AS —__ Magnetic sensitivity change with temperature | ATA=25°CtoMINorMAX | 35] % | 
lcc ——- Supply current B=OmT8, Ig =0 Po BD | mA 
xr operating eens aaa eee aes 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ Typical values are at Voc = 12 V and Ta = 25°C, 

§The unit of magnetic flux density In the International System of Units (SI) Is the tesla (T), The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss by multiplying by ten, e.g.,50 millitesla = 500 gauss. 





| 






< 










fmax 


OUTPUT VOLTAGE 
+B 
N vs 
S MAGNETIC FLUX DENSITY 
—-B S 7 










vee TTT TTY, 
rarare [teal OPA 
[linen dootoaly RI 
COTA 


The north pole of a magnet is the pole 
that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a com- 5.4 
pass. By accepted magnetic convention, 
lines of flux emanate from the north 
Pole of a magnet and enter the south 
Pole. —50-—40 -30 -20-10 0 10 20 30 40 50 
, B — Magnetic Flux Density — mT 


VO — Output Voltage — V 
gi 
fee] 
SK 


FIGURE 1—DEFINITION OF 
MAGNETIC FLUX POLARITY FIGURE 2 





TYPICAL APPLICATION DATA 


The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using R1), and to set the sensitivity to 
exactly —15 V/T (using R2), as depicted in Figure 4. 


COMPENSATED OUTPUT VOLTAGE 
vs 


MAGNETIC FLUX DENSITY 


Compensated Output Voltage—V 





5 

—50-—40 —30-20-10 0 10 20 30 40 50 
B — Magnetic Flux Density — mT 

FIGURE 3—COMPENSATION CIRCUIT FIGURE 4 
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LINEAR TYPE TL175C 


INTEGRATED SILICON HALL-EFFECT LATCH 
CIRCUITS 







BULLETIN NO. DL-S 12732, DECEMBER 1979 










LP SILECTT PACKAGE 





Magnetic-Field-Sensing Hall-Effect Input 






TOP VIEW 


On-Off Hysteresis Assures Latched Output 










Vcc 
GROUND 


Small Size 








Solid-state Technology 






OUTPUT 





@ Open-Collector Output 
description 


The TL175C is a low-cost magnetically operated electronic switch that utilizes the Hall-Effect to sense the presence and 
the direction of a magnetic field. The built-in hysteresis of the switching thresholds is designed to provide a latched 
switch function. This means that the switch will retain its existing state when the magnetic field is removed and will 
change state only when the magnetic field is reversed and increased beyond the trigger threshold. This latching feature 
eliminates the need for external circuitry to record the occurrence of an intermittent fault condition. Additionally, 
the TL175C will always power-up in the latched-off state in the presence of zero magnetic field. Each circuit 
consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, and an output transistor integrated into a 
monolithic chip. The outputs of these circuits can be directly connected to many different types of electronic 
components. 


The TL175C is characterized for operation over the temperature range of —40°C to 125°C. 


FUNCTIONAL BLOCK DIAGRAM 


FUNCTION TABLE 






r ort (Tp, = 25°C, See Figure 2) 

TRANSISTORS FLUX DENSITY OUTPUT 

I SILICON | Sune 

| HALL-EFFECT ; eyed < —35 mT High (off) 

: —5mT<B<SmT Latched in Previous State* 

| | = 35 mT Low 

a i * During power-up the output will always assume the off state, 





mechanical data 


The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


SEATING PLANE ; 0.165 (4,19) 
0.050 (1,27) 0.125 (3,17) 
(see Note b) 0.105 (2,67) 0.105 (2,67) 
— ——___ 0.080 (2,03) 0.080 (2,03) 
0.205 (5,21) pia, 0-135 (3,43) 
0.175 {4,44} : MIN 
; * i 


0.100 + 0.005 : 
0.210 (5,34) (2,54 + 0,13) 


(1,27 ¢ 0,13) 0.017 + 0,005, —0.001 WIDE 
0.015 + 0.001 THICK 
(0,43 + 0,13, —0.03 WIDE 
0,38 + 0,03 THICK) 
(see Note c) 





NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Lead dimensions are not controlled in this area, 
c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03). 
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE 


tTrademark of Texas Instruments Incorporated 
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TYPE TLI75C 
SILICON HALL-EFFECT LATCH 


SSE A AE TA TT TS TI TS TS RE OP 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply-voltage, Vcc. (see Note 1): a:2.5 vcr a ctv sd le ieee a Bed Ae eS Se a shee OW eee eee ees 18 V 
QUIGUEVGITddG: +5/..%, 35 Oa hee ew al gece Gib o bag ene Bre ek Swe eae ee eae eee wera 30 V 
OUTOUE-CUITETIC: 3.50), 5c hs ons 5 Gets ed Sc es i Bed St a elec Baie a dav sash Slag yng nal ge a ea 20 mA 
Operating free-air temperature range 2.2... ee ee ee eee eee eee ees —40°C to 125°C 
Storage temPeratUre Tange. i64-s-ave dase Ee ie Vote Se Ta See oe ae eae Bae —65°C to 150°C 
WaAGHEtICHIUX-CONSITY: 22-52 d 4 oso 9 kA he ee Oe ai EA Ree a a eS ere unlimited 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 









Ta = —40°C to 125°C 





Ta =0°C to 125°C 


electrical characteristics over rated operating free-air temperature range, Vcc = 10.8 V to 13.2 V (unless 
otherwise noted) 






PARAMETER TEST CONDITIONS MIN TYP MAX |! UNIT 
Threshold of positive-goin 

Bry. Roe ee 5 35 | m 
magnetic flux densitvt 
Threshold of negative-goin 

Br_ agi 354 —5q | om 
magnetic flux density? 

BT4—By___ Hysteresis Ne cee ge oe Re tte ll 


T§ 
TS§ 
10H High-level output current VOH = 20 V LA 
V 
mA 











VOL Low-level output voltage lol =16mA PF | 
' Bec tpiccane Output low 
cc Y Output high 


TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL175C, a level more positive than B+4+ 
causes the output to go to a low level and a level more negative than B7_ causes the output to go to a high level. See Figures 1 and 2. 





8 The unit of magnetic flux density in the International System of Units (S!) is the tesla (T). The tesla is equal to one weber per square meter, 


Values expressed in milliteslas may be converted to gauss by multiplying by ten. 
{| The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels 








only. 
Vo 
+B s s——8;_ RANGE————] , ~e——Bry RANGE———o» 
N | 
S 


The north pole of a magnet is the pole 
that is attracted by the geographical: 


north pole. The north pole of a magnet —35 —20 —5 0 +5 +20 +35 
repels the north-seeking pole of a com- B (mT) 
pass. By accepted magnetic convention, 
lines of flux emanate from the north The positive-going threshold (B74) is the positive B level at which a positive-going flux density 
pole of a magnet and enter the south results in the TL175 output going low. The negative-going threshold (B7_.) is the negative B 
pole. level at which a negative-going flux density results in the TL175 going high. 
FIGURE 1—DEFINITION OF 
MAGNETIC FLUX POLARITY FIGURE 2—REPRESENTATIVE CURVES OF Vo vs B 
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LINEAR 


INTEGRATED TYPE TLI76C 
CIRCUITS NORMALLY OFF SILICON HALL-EFFECT SWITCH 


BULLETIN NO, OL-S 12729, OCTOBER 1979 





Magnetic-Field-Sensing Hall-Effect Input 
e On-Off Hysteresis 
@ Small Size 


@ Solid-State Technology 


LP SILECTt PACKAGE 





TOP VIEW 






Vcc 






@ Open-Collector Output GROUND 


e Normally Off Switch 
description 


OUTPUT 


The TL176C is a low-cost magnetically operated normally off electronic switch that utilizes the Hall Effect to sense the 
presence of a magnetic field. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, 
and an output transistor integrated into a monolithic chip. A magnetic field of sufficient strength in the positive 
direction will cause the TL176C output to be in a low-impedance state. Otherwise the output will present a high 
impedance. The output of this circuitry can be directly connected to many different types of electronic components. 


The TL176C is characterized for operation over the temperature range of —40°C to 150°C. 


FUNCTIONAL BLOCK DIAGRAM 


TTL 

DTL 

RTL 

MOS 
TRANSISTORS 
SCR’S 

TRIACS 
RELAYS 










SILICON 
HALL-EFF ECT 
SENSOR 





SIGNAL CONDITIONING 
ANDO HYSTERESIS 


---------- 


mechanical data 6 


The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


SEATING PLANE 0.165 (4,19) 
0.050 (1,27) 0.125 (3,17) 
T (see Note b) 0.105 (2,67) 0.105 (2,67) 


0.205 (5,21) 
0.175 (4,44) DIA. 


(Dees 


0.100 + 0.005 
0.210 (5,34) (2,54 + 0,13) 
0.170 (4,32) 0.500 (12,7) MIN encom 


0.080 (2,03) 0.080 (2,03) 


0.135 (3,43) 
MIN 


3 LEADS 

0.017 + 0.005, —0.001 WIDE 
0.015 + 0.001 THICK 

(0,43 + 0,13, —0.03 WIDE 
0,38 + 0,03 THICK) 

{see Note c) 


(1,27 + 0,13) 


NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Lead dimensions are not controlled in this area. 
c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03). 
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE 


trademark of Texas Instruments Incorporated 
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TYPE TLI76C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote1) .... ga ei ara a om GE aa! eo we al a, Ge Ge ete a ow, &, SOV 
CUIUC Voltage” 2c. Sr eH we gh OS. Bee BO ew es GR EE ees Be ek Oo oe ES See BON 
OUIDURCUIFENE: occ ae, eps A dk ws te Sm Se ee Ben Soe ae Gs we SY We EE A 20 mA 
Operating free-air temperature range... . 0. 6 ee ee ew ee ee ee ee ew ww ee 40°C to 150°C 
Storage temperaturerange . 2... 1 1 ee ee ee ee ee ee ee ee ee 2 =65°C to 150°C 
Magnetic flux density 2. 2... 1 1 ww ee ee ee ee ee ee ee ee ee ee ew ew ey) 6uNtiMited 


NOTE 1: Voltage values are with respect to network ground terminal, 


electrical characteristics over rated operating free-air temperature range, Vcc = 4.5 V to 24 V 
(unless otherwise noted) 


er meeting | 

-magnetic flux densityt 

fe metcconie | 
r magnetic flux densityt 

Pere-Br—Avmeresis | COC™CSCSCSTCSCSCSSSCSCSC*dCi 

Ton ___HighTevel output current | Vow=20V | SSCS CL 


VOL Low-level output voltage Vcc = 4.75 V, lol =16mA 
lcc Supply current Vec=24V 


TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL176C, a level more positive than Br+ 
causes the output to go to a low level, and a level more negative than 8+ _. causes the output to go to a high level. See Figures 1 and 2. 

8 The unit of magnetic flux density in the International System of Units (SI) Is the tesla (T). The tesla Is equal to one weber per square meter. 
Values expressed in millitestas may be converted to gauss by multiplying by ten. 











+B 





N 
. B 
= s 
N 
The north pole of a magnet Is the pole 0 10 B (mT) 50 


that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a com- 
pass. By accepted magnetic convention, 
lines of flux emanate from the north 
pole of a8 magnet and enter the south 
pole. 


FIGURE 1—DEFINITION OF FIGURE 2—REPRESENTATIVE CURVE OF Vo vsB 
MAGNETIC FLUX POLARITY 


eee 
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LINEAR ‘TYPES TLI82M, TL1821, TL182C 
INTEGRATED _ TWIN SPST BI-MOS ANALOG SWITCHES 
CIRCUITS 


BULLETIN NO. DL-S 12416, JUNE 1976 








e Functionally Interchangeable with Siliconix e JFET Inputs 
DG182 with Same Terminal Assignments 


e Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage e +10-V Analog Voltage Range 
e TTL, MOS, and CMOS Logic Control 
Compatibility 
description 
The TL182 is a twin, monolithic, high-speed SPST JORN 


analog switch constructed using BI-MOS technology. DUAL-IN-LINE PACKAGE (TOP VIEW} 


Each half consists of a JFET-input buffer, level 
translator, and output JFET switch. 


2S 2D NC NC 2A VEE Vret 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref t+ 1.4 V. 





NC—No internal connection 
The output switches are junction field-effect transis- Switch positions shown are A inputs low. 
' tors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 
uniform matching. 





BI-MOS technology is a major breakthrough in linear 

integrated circuit processing. BI-MOS can have ion- 

implanted JFETs, p-channel MOS-FETs, plus the functional diagram 
usual bipolar components all on the same chip. 

BI-MOS allows circuit designs that previously have 

been available only as expensive hybrids to be 

monolithic. 


i 

For the TL182, a low level at the input turns the t 

switch on a oe 
| SWITCH POSITIONS 


SHOWN ARE FOR 


The TL182M is characterized for operation over the A INPUTS LOW 
full military temperature range of —55°C to 125°C, an —q )}>--; 
the TL182I is characterized for operation from ! 
—25°C to 85°C, and the TL182C from 0°C to 70°C. 


18 















2D 2S 
FUNCTION TABLE 
(EACH HALF) 
INPUT SWITCH 
A S$ 
L ON (CLOSED) 
H OFF (OPEN) 
TEXAS INSTRUMENTS 303 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST BI-MOS ANALOG SWITCHES 


schematic (each channel) 


TO OTHER HALF 


TO OTHER HALF 





Vv 


VEE ref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Positive supply to negative supply voltage to either drain, Vcc —- VEE wi Gogia ease a onan Boar S aueyae alate weeks 36 V 

Positive supply voltage to either drain, Vec _ Vp ergs Set pera: gs Takai: Gare Nb Ghar eek se eee eI a OUR BI. we Med are 33 V 

Drain to negative supply voltage, Vp — VEE sree an inte aren aa Re ane oe Ml SAGER nana idee Atak Wh See eo nd Sede beds 33 V 

Drain to source voltage, Vp — Vg 6 eee eee ete c ee tenes rere een c eens enes +22 V 

Logic supply to negative supply voltage, VEL _ VEE sche gt idee arse Be: tara vay a: tena anaralectete aie are sate o see a 36 V 

Logic supply to logic input voltage, ViL ~ Vy Ba sah iEi tas ah Since Sid 8 Sa" Gk ia a a 16s ar wvla: Aysere. vas Joh teewes ane sere PONE ween 33 V 

Logic supply to reference voltage, VEL — Vref Ghat Wienke alec Uy Si ates Ri ad wena We enaaiatseee Oates ante & i Gee ag ok Sate 33 V 

Logic input to reference voltage, Vv) — Veet ih che Seta Se tu ayant SE ae ae ah eit SAY en: ak te, eed a eg. ewe Se haters 33 V 

Reference to negatvie supply voltage, V ar — Veg Sgt Ae iposabe gic sn tah Walaa” eaclens tga vig a as PO vei tartan ah i ac iee Mactan an ee ees 27V 

Reference to logic input voltage, Viegk ON) As PRR REO A Ge oh iW Ee See ee eas ea EO 2V 

Current (any terminal) 6... ee ee tee ee eee tte eee eee eet eee eee e eens 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1): 

TEVB2ML versie tt a en soe wee Ae 48 1375 mW 

TL18215, TLI82C) skieicat sede 1025 mW 

NN aGK Qe” aie.) Slashes ears: 065 Soe ake dao 69 1150 mW 

Operating free-air temperature range: TLI82M .......... 0c e ee wee cee eee eee eae —55°C to 125°C 

MUTB2i | acorns eat boa ee a ee ee eer re ae —25°C to 85°C 

WUIB2C> soe ok ae Sted tistsre do aneraahs akate aca ea 0°C to 70°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J DACKaGG..- bate 4.55 a nee ob eerie Be eos 300°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package .........-..00ce ee eeees 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL182M chips are alloy-mounted; 


TL182! and TL182C chips are glass-mounted. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 


PACKAGE 
RATING FACTOR Ta 


J (Alloy-Mounted Chip) 1375 mW 11.0 mW/C 25°C 
J (Glass-Mounted Chip) 1025 mw 8.2 mwW/C 25°C 
N 1150 mW 9.2 mwW/C 25°C 


Also see Dissipation Derating Curves, Section 2. 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS iaigesens (Weidatacs ane UNIT 
MIN MAX |MIN MAX jMIN MAX 


VIL Low-level control input voltage} == ss [TA = MINtOMAX| Vref t0.8] Vrett0.8| Vreft0.8 
L 












: 
, : 
iw temoniewermicee ‘Seat —at st 2 
Ta=wax [20] 20] 20 
Tit ____Lowlevel control input current|Vi=OV [Tas MINToMAX| _—250] _—250] _—250| uA | 
Tanec | | sf SS 
Vee*—15v|Ta=Max | 100] 100] : 
Vec=10V, [tazaee | «| st isd” 
Vee*-20V[Ta=MAX | 100] 100] 109) 
Veo=18V, |tazase | «i SiC 
Vee=-18V[Ta=MAX | 100] too] too] 
Vec=10V, [ta=zsre | SOs] SCSdS 
| : Veg=-20V|Ta=MAX | 100] 100} 100 
On-state channel Vp=-10V,Vg=-10V, [Ta=25°C¢ | | 10] i 
ID{on)*!S(0n) ieskage current Vi=08V Ta=MAX | 200/200 ——200 © 
Drain-to-source on-state Vp = —10 V,Is = 1mA, ITaA=MINto25°C} = = 75| ~~ 100] ~—_—=s100 
DSton) resistance Vir08V Ta=MaX | 100] _160| 150] © 


Icc Supply current from Vcc 
























ID (off) Off-state drain current 











Is(off) Off-state source current 
















I Supply current from V 

EE was acerca Bs EE Both control inputs atO V, Ta = 25°C 
Ie Supply current from Vic 
lref Reference current 


loc Supply current from Vec 
lEE Supply current from Veg 


ILL Supply current from VELL 









Both control inputs at 5 V, Ta = 25°C 


Reference current 





lref 


PARAMETER 
ton 


| ton ~=—sTurnontime = si time ape eae ze 
toff . Turn-off time L ,LL > UDF, 


PARAMETER MEASUREMENT INFORMATION 
tf << 10 ns tp << 10ns 











INPUTA 





= Vrep =O VeEE=—15V 


C\_ includes probe and jig capacitance. OUTPUT 
TEST CIRCUIT 


Vs = 3 V for ton and —3 V for toff. 
Ry VOLTAGE WAVEFORMS 
Ri + 'ps(on) 


Vo is the steady-state output with the switch on, Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. 


Vo=Vs 


FIGURE 1 





079 TEXAS INSTRUMENTS 


INCORPORATED 305 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


LINEAR 
INTEGRATED 
CIRCUITS 






e Functionally Interchangeable with Siliconix 
DG185 with Same Terminal Assignments 


@ Monolithic Construction 


e Adjustable Reference Voltage 


description 


The TL185 is a twin, monolithic, high-speed DPST 
analog switch constructed using BI-MOS technology. 
Each half consists of a JFET-input buffer, level 
translator, and two output JFET switches. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vr). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by V+, = 
Vref t+ 1.4 V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high 
off-state resistance. The monolithic structure ensures 
uniform matching. 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS can have ion- 
implanted JFETs, p-channel MOS-FETs, plus the 
usual bipolar components all on the same chip. 
BI-MOS allows circuit designs that previously have 
been available only as expensive hybrids to be 
monolithic. 


For the TL185, a high level at the input turns the 
switches on. 


The TL185M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL185! is characterized for operation from 
—25°C to 85°C, and the TL185C from 0°C to 70°C. 


FUNCTION TABLE 
{EACH HALF) 


INPUT SWITCHES 
A $1 AND S2 
H 






ON (CLOSED) 


TYPES TLI85M, TLI85i, TLI85C 


TWIN DPST BI-MOS ANALOG SWITCHES 


BULLETIN NO, DL-S 12417, JUNE 1976 


e JFET Inputs 


e Uniform On-State Resistance for Minimum 
Signal Distortion 


e +10-V Analog Voltage Range 


e TTL, MOS, and CMOS Logic Control 
Compatibility 


JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


1D1 NC 1D2 182 281 2D1 NC 202 





NC—No internal connection 
Switch positions shown are for A inputs high. 


functional diagram 


281 
opel as 2D1 
3 | 
1 
2D2 
| | 
! ! 2S2 
esas eed 


Ds 


SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 


if 
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TYPES TLI85M, TL1851, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 





schematic (each channel) Vit Yee 


bro OTHER HALF 


auc ee 


irae is | 


; i | 


VEE V 


bro OTHER HALF 


ref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, VCC — VEZ . - ee ee eee ee ee eee ee ee we BBV 


Positive supply voltage to either drain, Vcc -VD . ww we ee te te te ee ee eee el we OSV 
Drain to negative supply voltage, VD ~VEE .. 1. ee ee we ew ew ew ew tw we wet ww ww 6M 
Drain to source voltage, VD —VS .. ; Seat oe, Se ok Ne at ois Fae we “ek Se ws ce Sis “Set So ee 
Logic supply to negative supply voltage, Vices VEE Se Dee Jess wh We ae. he ee A. Sees ee ee ee ES OS 


Logic supply to logic input voltage, VL~L —Vy ow ww ww ee ee ee te ee he . . 33V 
Logic supply to reference voltage, VLL —~ Vref . . . 1 1 ee wt ee ew te we te ee ee we we OSV 
Logic input to reference voltage, Vj —Vref . «ew ee ee ke te ee et et ee te te el wl ee 6 68SV 





Reference to negative supply voltage, Vref -VEE .. . - 1 we te ew ee tt ew ew ee we we we QDI 

Reference to logic input voltage, Vref —-Vpo ww wk wk ee te et we tee et eee el el eel ULM 

Current (any terminal) oli Be oo tater Bhs Ba ey & SOMA 
Continuous dissipation at (or below) 25° Cc fees -air ‘teninarature see Note 1): 

TRETBOM: Seaceeniae eb Sees Beard Soe Sus 1375 mW 

BEWUSId, TLISSCS | sec5s ean dee awe 4 1025 mW 

Npackage .......... ccc eee wcees 1150 mW 

Operating free-air temperature range: TL185M ........ ee ee ee ee ew ew es 55°C to 125°C 

TLIBSE 2 ww ee ee ee ee ee ee A 28PE to 85°C 

TLI85C . 1... oo ae ee ae aw we ae OES 70°C 


Lead temperature 1/16 inch (1,6 mm) from case fér'60 seconde: Spackaoe: gia: S552 Go te de ot eee aoe Oe 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage .......2.... +... 260°C 


NOTE 1: For operation above 25 C free-air temperature, see Dissipation Derating Table, In the J package, TL185M chips are alloy-mounted : 
TL185I and TL185C chips are glass-mounted., 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


J (Alloy-Mounted Chip) 1375 mW 11.0 mW/c 25°C 
J (Gtass-Mounted Chip) 1025 mW 8.2 MWC 25°C 
N 1150 mw 9.2mW/C 25°C 





Also see Dissipation Derating Curves, Section 2, 
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TYPES TLI85M, TL185I, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —-15 V, VLL=5 V, Vref = 0 V (unless otherwise noted) 










TL185M TL1851 TL185C 
scieetaae asia aie Co IC 
VIH High-level control input voltage TA = MIN to MAX} Vre¢t2 Vro¢t2 Vreft2 V 
A eft ref e 


VIL Low-level] control input voltage Ta = MIN to MAX Vreft0.8 


HH High-level control input current] V;=5 V : + 
= 20 
V,=HOV 


Vec=15V, |Ta=25 C 

Veg =—15 V]T,~ = MAX ih 
Vec=10V, [Ta=25C 

Vec=15 V, {Ta = 25°C 
Vec=10V, [Ta =25°C 


On-state channel Vp = -10 V,Vs = -10 V, |Ta = 25°C 
leakage current Va =2V Ta = MAX 


; Drain-to-source on-state Vp =-10V,Igs=1mA, [Ta =MIN to 25°C 
Sioa) resistance VpzH2Vv 


switching characteristics, Vcc = 10 V, VEE = —20 V, VLL =5 V, Vref = 0 V, Ta = 25°C 


TL185M | TL785!I | TL185C 
PARAMETER TEST CONDITIONS TL 1851 


TYP TYP 
t Turn-on time 175 175 175 

BeusueGoeR. sce uinh [175 | 
toff Turn-off time 


< 
<5 
oO 
= 
+ 
Oo 
© 
< 
~ 
oO 
= 
+ 
© 
(oe) 
< 


— 
> 

N 

on 









ID(off) Off-state drain current 


















IS(off) Off-state source current 


ID(on)*!s(on) 


a] fy aya + 
> |> [> I> |> > 
Ziylz|vl=e = 
> | i] D] CL] > > 
«kl o| | oO} x x 


= 
> 
WW 
s 
> 
x 






Both control inputs atO V, Ta = 25°C 









Both contro! inputs at 5 V, Ta = 25°C 











c 
< 
BE 








PARAMETER MEASUREMENT INFORMATION 


t, < 10 ns ty < 10 ns 


OUTPUT 





Vre¢ = 0 Veg=—15V 
= C,_ includes probe and jig capacitance. 


TEST CIRCUIT VOLTAGE WAVEFORMS 
Rt 





Vs =3 V for ton and —3 V fortoff,§ VO=zVs 
: om : 2 RL + 'pS(on) 


Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 


ing edges of the output waveform. 
as Se ener FIGURE 1 
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LINEAR TYPES TLi88M, TL1881, TLI88C 
INTEGRATED DUAL COMPLEMENTARY SPST 
CIRCUITS BI-MOS ANALOG SWITCHES 


BULLETIN NO. DL-S 12418, JUNE 1976 — REVISED OCTOBER 1979 






® Functionally Interchangeable with Siliconix e JFET Inputs 
DG188 with Same Terminal Assignments 


@ Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage e +10-V Analog Voltage Range 
e TTL, MOS, and CMOS Logic Control 
Compatibility 


description 


‘The TL188 is a monolithic, high-speed dual comple- 
mentary SPST switch constructed using BI-MOS 
technology. It consists of a JFET-input buffer, 
level translator, and two output JFET switches 
that can easily be connected in SPDT configuration. 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
biploar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref t 1.4 V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high off- 
State resistance. The monolithic structure ensures 
uniform matching. 








BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS can have ion- 
implanted JFETs, p-channel MOS-FETs, ptus the 
usual bipolar components ali on the same chip. 
BI-MOS allows circuit designs that previously have ni d ne 
been available only as expensive hybrids to be 
monolithic. 


functional diagram 


For the TL188, a high level at the input turns switch 
$1 on and 82 off. 





The TL188M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL1881 is characterized for operation from 
—25°C to 85°C, and the TL188C from O°C to 70°C. 


SWITCH POSITIONS 
SHOWN ARE FOR 
INPUT A HIGH 


FUNCTION TABLE 


INPUT SWITCHES 
A $1 $2 


L OFF (OPEN) ON (CLOSED) 
H ON (CLOSED) OFF (OPEN) 
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TYPES TLI88M, TL188], TLI88C 


DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





schematic 
VLL Vcc 
zi aa i Z 
Pa 
| ES SA 
a aes 


310 


N 


et 


VEE Vref 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


O 
i) 


Positive supply to negative supply voltage, Vec-Veg Baie Spach Gai pos AGA Sed eso a Le eh sep aac pes ee 36 V 

Positive supply voltage to either drain, Vec — Vo a ots Guam sane Ness ar este het Matt Tas lr Jeera tes Sheena Spr bey nish hes Ua 33 V 

Drain to negative supply voltage, Vp — VEE Wh aS she we Ooms eld ay Tae hes Spe hgh Wh Dales a, dial te ata Rha anh te, BS HO 33 V 

Drain to source voltage, Vp- Mes “hast als intent ati eae Ok Pe ase Ave as See eee ete eye are ae ee ley +22 V 

Logic supply to negative supply voltage, ViL _ VEE Sasa dat evo) Spt cde arn ath the ae tweens nd unesetadigs Goad HR aaa cea cd 36 V 

Logic supply to logic input voltage, Mid = Vp Paks eee ewe ey eer ee as ek im eaee aah 33 V 

Logic supply to reference voltage, ViL _ Vea Bah iar iraceate BG, OS ee ely tees ch aOR Oe AN ne ah: a a ae ae ety en 33 V 

Logic input to reference voltage, V, — Mone Bratch esi hiae Grok oS aca ANG ae Gee: its, fo Gal th atta se Os ote Sleds had Seine nada van cdn 33 V 

Reference to negative supply voltage, Vio = VEE a ieiike Be Seta Wet Site ae hei Greene Geen Piet 0S Back ae Eek fo egies 27V 

Reference to logic input voltage, Me Vi a: eS saat tort ax Sita 16-8. wig Paras 0a tase Ao hae PaO A ee ok a LA 2V 

CURFERE VANY TEPRUIMAIY ©. dceca cto cess woe atrceas gid se are oak cece apa ete: cd a ae tw he ie ak Bh athe Bsa tae 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1): 

TLVOGIWIS~ avery Srin.te, aan A areca ve esele es. 8 1375 mW 

TLI88IJ, TLI8B8CS 1. ee ee 1025 mW 

IN) PaCKaGe™ - 3.5 aie ae Se ck ore ee a eee 1150 mW 

Operating free-air temperature range: TL188M 1... we ee ee te eae -55°C to 125°C 

EO OY 25, 9 seta tvatsec in re ate aang Pa eee a van cea tp teat ale —25°C to 85°C 

TEIBGG? .oad-g bnrieg ate he weather ened —0°C to 70°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ...... cee eee ee ee es 300°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ..... 2. pee ee ee ee eee 260°C 


NOTE 1: For Operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL188M chips are alloy-mounted; 


TL188! and TL188C chips are glass-mounted. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 

J (Alloy-Mounted Chip) 1375 mW 11.0 mW/C 


PACKAGE 


J (Glass-Mounted Chip) 1025 mW 8.2 mw/C 
N 1150 mW 9.2 mw/C 





Also see Dissipation Derating Curves, Section 2. 
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| TYPES TLI88M, TL1881, TLI88C 
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


TL188C 
PARAMETER TEST CONDITIONS 


Vin High-level control input voltage A= MIN to MAX|Vra¢t2 Vreft2. 
VIL Low-level control input voltage Ta = MIN to MAX| Vref—0. ref—0. Vref—0. 


H High-level control input current |V; =5 V Fa = MAX 
i V,;=0V T 
T 


25°C 
ly Pa 
Ne Low-leve! control input current MIN to MAX 
° 
MAX 
° 
= MAX 











TL188M | TL188i 









UNIT 





< 


< 
@ 
=. 
NO 
[ee] 


—_ 
Oo 


= 
2 
2) 
= 
> 
x 


| | 
: N foe) 


+ 
> 
oO 





4 

> 
= 
> 
x 









ID (off) Off-state drain current 








Vec= 18 V, 
Veg =—15V 
Is(off) Off-state source current 

Vec = 10, 

Vit = 0.8 V 

On-state channel Vp = -10 V,Vg = —10V, 

leakage current ViH=z2V, Vip FOseVv 

Drain-to-source on-state Vp = —-10 V,I5g = 1 mA, 75 

DS(on) resistance Vin=2V, Vip=08V 
lEE Supply current from VEE 


switching characteristics, Vcc = 10 V, VEE = —20 V, VLL=5V, Vref =O V, TA = 25°C 


TL188M 
PARAMETER TEST CONDITIONS 


t Turn-on time 175 178 
eo eee ee ee 
toff Turn-off time | 350 | 





A= 
Vec=15V, |Ta =25 C 
VeE=—ISVITA=MAX | 
Vec=10V, jTa=25 C 
ge =—20V 
A 





ID(on)t!s(on) 










3 


=] 3 ‘~ = 




















Both control inputs at5 V, Ta = 25°C 









TL188!i | TL7188C 
TYP 


175 










+ 
vw 





PARAMETER MEASUREMENT INFORMATION 
Vit=5V Voc=i15V 


te < 10 ns try < 10 ns 


‘ 










/ 


OUTPUT 





INPUT A 





4 
[% rl 


Vretp=O VEE=—15V 


OUTPUT 
C, includes probe and jig capacitance. 


TEST CIRCUIT 
Vs= 3 V for ton and —3 V for toff. 


Rp Ree Ce eG Ol gt ee ey ee 
=Vs Rote Input A: Solid for testing $1, dashed for testing S2. 
L * FDS(on) 


VOLTAGE WAVEFORMS 
Vois the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. FIGURE 1 





Vo 
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LINEAR TYPES TLI9IM, TLI91I, TLI91C 
INTEGRATED TWIN DUAL COMPLEMENTARY 
CIRCUITS SPST BI-MOS ANALOG SWITCHES 


BULLETIN NO. DL-S 12419, JUNE 1976—REVISED OCTOBER 1979 





® Functionally Interchangeable with Siliconix e JFET Inputs 
DG191 with Same Terminal Assignments 


e Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage e +10-V Analog Voltage Range 
description e TTL, MOS, and CMOS Logic Control 
Compatibility 


Each TL191 consists of two monolithic, high-speed 
dual complementary SPST analog switches con- 
structed using BI-MOS technology. Each half consists 


of a JFET-input buffer, level translator, and two Jor N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


output JFET switches that can easily be connect- 
ed in SPDT configuration. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS Jogic families. Threshold 
compatibility may, again, be determined by Vip, = 
V ref +1.4V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 


uniform matching. NC—No internal connection 
Switch positions shown are for A inputs high. 





BI-MOS technology is a major breakthrough in linear 

integrated circuit processing. BI-MOS can have ion- 

implanted JFETs, p-channel MOS-FETs, plus the 

usual bipolar components all on the same chip. functional diagram 
BI-MOS allows circuit designs that previously have 


been available only as expensive hybrids to be 
1$1 2S1 


the TL191! is characterized for operation from 
—25°C to 85°C, and the TL191 from 0°C to 70°C. 


FUNCTION TABLE 


(EACH HALF) 


a SWITCHES 
OFF “OPEN ON eo 
ON (CLOSED) OFF (OPEN) 


monolithic. 
For the TL191, a high level at the input turns switch- 101 ee ee ee 2D1 
es $1 on and S2 off. ; 
I 
: ; 1D2 —_d | j &—2D2 
The TL191 is characterized for operation over the { : 
full military temperature range of —55°C to 125°C, \ , 
182 ; 282 


-—--4 cro--- 


SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 








Copyright © 1979 by Texas Instruments Incorporated 


312 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES TLIS1M, TLI91I, TLISIC 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





schematic 


TO OTHER HALF 





TO OTHER HALF 


VEE Viet 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, VCC — VEE... wc ee ee ee ete eee ee eet tenes 36 V 
Positive supply voltage to either drain, VCC —VDQ wwe ee ee te ee eee eee eee eee 33 V 
Drain to negative supply voltage, Vp VEE. cx eeccsii te sca ce we caeee ete We ik 29: ne “we Rw rd Sew ese twee we, BR 33 V 
Drain to:source voltage, VO = V6. aga 6 lg ee Oath aw Pe eed G Ee dR eae wee wed e es +22 V 
Logic supply to negative supply voltage, VEL — VEE «1... eee e eee ee ee ee te eee eee ee eee 36 V 
Logic supply to logic input voltage, VLL—V] ..... Sica tdvia te ihessonsea deeb: aah ch Ate otend ene ean es ear en he 33 V 
Logic supply to reference voltage, VL{ — Vref ow ee te te ee eee eee eee eee 33 V 
Logic input to reference voltage, Vj = Vraf’ ieied aes i 4.4 erase ares ele dS a wa ee Wa wee bales bed 33 V 
Reference to negative supply voltage, Vref — VEE 6. ccc te eee ee eee eee eee eee 27 V 





Reference to logic input voltage, Vref — Vj. te ee ee eee ee eee ee ee aes 2V 
Current (any terminal): - waa ch & ere Bee eet coer beech Bacau, Ries Ware ca) Ra Blew oe Sw ea Ee 30 mA 


Continuous dissipation at (or below) 25°C free-air temperature (see Note 1): 


VOUS. “anis Coe ance ardor See Swac se eae 1375 mW 

TETSU PLAGTUCS . csg-d a ee Gedo hs, Bees 1025 mW 

N package 2... .. secre eee renee 1150 mW 

Operating free-air temperature range: TL191M .......... scat santa saves gat ieee sacle ieeewcuetoate —55°C to 125°C 
TEIQIM: scapeueaatn tae eae wees aie ackearaacuen ie act —25°C to 85°C 

TEIS(C.. 2cice cadah asian ced aes Eanes 0°C to 70°C 

Lead temperature 1/16 inch (1,6 mm) from case for GO seconds: J package ....... cece cece teens 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ........000 cece ucceas 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL191M chips are alloy-mounted; 
TL191] and TL191C chips are glass-mounted. 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR 


PACKAGE 


J (Alloy-Mounted Chip) 1375 mW 11.0 mw/C 
J (Glass-Mounted Chip) 1025 mw 8.2 mwW/C 
N 1150 mW 9.2 mW/C 





Also see Dissipation Derating Curves, Section 2. 
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TYPES TLISIM, TLI91I, TLISIC 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 


TL191M TL1911 TL191C ner 
PARAMETER TEST CONDITIONS . MIN MAX MIN MAX| UNIT 


VIL Low-level control input voltage | TA = MINtOMAX]  Vyeft0.8[ Vreft0.8] Vref t0.8 


{ High-level control input current |V; =5 V 
Ta = MAX a) a 2) 


NL Low-level control input current [V; =0 V TaA=MINtoMAX} = —250]  —250]  —250] uA | 
Voet0V, Weer teV, [Tanwere [a 


ID(off) Off-state drain current nA 


Vp =-10 VJVoc = 15 V, [Ta = 25°C 


Vg=10V, WVeE=-15 V 


Vin=2V, Vec=10V, [Ta = 25°C 


Is (off) Off-state source current 


Vit =08 V |VegE = -20 Vi Ta = MAX 
On-state channel Vp =-10V,Vs =—10V, [Ta = 25°C 
ID(on)t!S(on) anes z . 
leakage current Vip =2V, ViL=08V [Ta = MAX 
Drain-to-source on-state Vp =-10 V, Ig =1 mA Ta = MIN to 25 C 
r 
DS{on) resistance Vin=2V, Wpt=08V [Ta =MAX 
icc Supply current from Vcc 
1 Supply current from V 
EE iia EE Both control inputs atO V, Ta = 25°C 
ILE Supply current from Vit 
lref Reference current 
Icc Supply current from Vcc 


lEE Supply current from Vee 
ILL Supply current from Vit 


lref Reference current — 


TL191M | TL1911 | TL191C 
PARAMETER TEST CONDITIONS UNIT 


t Turn-on time 17 175 
Soe ecoue, . eaeGces | 175 | 7s | 75 
toff Turn-off time 


PARAMETER MEASUREMENT INFORMATION 


t¢< 10 ns tr << 10 ns 


/ 

























VLL75V Vec=15V 


OUTPUT 





iz Vrep=O VEE=—15V 
C,_ includes probe and jig capacitance. 


TEST CIRCUIT 
Vg=3 V for ton and —3 V for tofe. 
Rt Input A: Solid for testing S1, dashed for testing $2. 
“ VSR + tpsionl VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. FIGURE 1 


Vo 
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LINEAR TYPE TL376C 


INTEGRATED 
pelts THREE-CHANNEL STEPPER-MOTOR CONTROL 


BULLETIN NO, DL-S 12738, DECEMBER 1979 
NE DUAL-IN-LINE 
e Three Independent Inverting Stepper-Motor PACKAGE 

Control Circuits (TOP VIEW) 









e High Output Source Current...500 mA Typ 
e High Output Sink Current ...500 mA Typ 

@ Inputs Are Compatible With Bipolar and MOS 
e Large Supply Voltage Range...4V to 18 V 


e Threshold Voltage Range is Approximately 
One-Half Vcc 


e Active Pull-Down on Each Input 
e Low Standby Power Dissipation 
@ 14-Pin NE Power Package 





description 


The TL376C is a monolithic bipolar three-channel stepper-motor controller. The input signal is inverted through the 
device and drives a totem-pole output section. Each output can source or sink up to 500 milliamperes. The wide supply- 
voltage range coupled with a threshold voltage level of approximately one-half Vcc allows this device to interface 
with MOS as well as bipolar outputs. An active-pull-down circuit is included on each input. In typical operation, a 
microprocessor supplies a three-phase signal to the device, which then drives a two-winding stepper-motor. 


The TL376C is characterized for operation from O°C to 70°C. 
schematic 





TO TWO 
OTHER AMPLIFIERS 


GND 





Resistor values shown are nominal. 
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TYPE TL376C 
THREE-CHANNEL STEPPER-MOTOR CONTROL 





absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vec (see Note: 1). necked a Sade aaa ae te eee deel e eae See Ae ca A Gd An eee! wa ee eS 22 V 
INDUEVOIMGGS SV it "vanes tod Gs be Be, Bye Ga eget es oe ise St se ne Rene ed Se hee a wl ay Vcc 
QUTDUTVOITAGE CANGE: x. iscsi Pine Beets te ot the gt Bw he eae a ah eae ban ree —-0.9VtoVcc+1V 
OUTPUT CUTER OAC BIMDIEAR sep aie as eas hed Se we 0 ww ne ees Sree Sa WO Wk Ge 4 Ee we ea 550 mA 
Total power dissipation at (or below) 25°C free-air temperature (see Note2) ......... 0c eee eae 2075 mW 
Storage temperature range seas bed cas dewdaws da eee wabe hsb eae wea sear e aes —65°C to 150°C 
lead temperature 1/16 inch (1,6 mm) from case for 10 seconds ......... 00. cee ee ee ee ee tee 260°C 
Notes: 1. Voltage values are with respect to the network ground terminal. 


2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 


recommended operating conditions 


ino ax nT 


Vcc 
High-level input voltage, VjH i +0.8 Vcc V 
Vcc 
Low-level input voltage, Vip a — 0.2 V 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 
VoL Low-level output voltage loL = 500 mA, Vi = Vin min 
VoH High-level output voltage = —500 mA, V; = Vit max Vec— 1.5 
| 


lo 

Vi=Vec 100 
1 Input current 

Vip=1.8V 
lcc Supply current Inputs open, Outputs open, Vcc = 18 V 0.7 2 


T Typical values are measured at Vee = 15 V,Ta~a= 25°C. 

































TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


1j—Input Current—ya 





0 2 4 6 8 10 12 14 16 18 20 
Vi—Input Voltage—V 
FIGURE 1 
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Vo—Output Voltage—V 


VOH—High-Level Output Voltage—V 


TYPE TL376C 


THREE-CHANNEL STEPPER-MOTOR CONTROL 





TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
INPUT VOLTAGE 





4 6 8 10 12 14 16 18 20 


Vj—Input Voltage—V 
FIGURE 2 
HIGH-LEVEL OUTPUT VOLTAGE 


VS 
HIGH-LEVEL OUTPUT CURRENT 





LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


VOL—Low-Level Output Voltage—V 





0 100 200 300 400 500 
IoOL—Low-Level Output Current—mA 


FIGURE 3 
SUPPLY CURRENT 


VS 
SUPPLY VOLTAGE 







Outputs Open 
Inputs Open 






lec—Supply Current—mA 
© 
Or 


0 
0 2 4 6 8 10 12 14 16 18 20 





—100 —200 -300 -400 -500 
IOH—High-Level Output Current—mA Vcc—Supply Voltage—V 
FIGURE 4 FIGURE 5 
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LINEAR TYPE TL440C 
INTEGRATED ZERO-VOLTAGE SWITCH 


CIRCU ITS BULLETIN NO. DL-S 11595, MAY 1972—REVISED JUNE 1976 





e Differential Amplifier Inputs e Internal Active Elements of Saw-Tooth 
Generator for Proportional Control 


e A-C Line Operation 


e Capable of Triggering Several e Wide Variety of Possible Cannections of 
Types of Triacs Input Section and of Output Section 
description JORN 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


The TL440 is a combination threshold detector —* oe 

and zero-crossing trigger, intended primarily for a-c NC Sinoe Vitel VDA PUT R{high) Ritow) 
power-control circuits. It allows a triac or SCR to be 
fired when the a-c input signal crosses through zero 
volts, thereby minimizing undesirable electromagnetic 
interference. In this manner, the load utilizes full 
cycles of line voltage as opposed to partial cycles 
typical with SCR phase-control power circuits. 


The circuit includes a zero-voltage detector, a differ- 
ential amplifier that may be used in conjuction with a 
resistance bridge to sense the parameter being con- 


: AC/DC AC ODET OC INHIBIT ST §.T 
trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEN 


INPUT OUTPUT 





and an output section. Also included are resistors 
which may be used as a voltage divider for the NC—No interna! connection. 

reference side of the resistance bridge. An external sensor suitable for the application and an externa! potentiometer 
form the input side of the resistance bridge. 


The TL440 can be used either as an on-off control with or without hysteresis, or as a proportional control with the 
use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it 
can be used for many power control applications such as a photosensitive control, voltage level sensor, a-c lamp flasher, 
small relay driver, or a miniature lamp driver. 


The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is 
typically 1 volt or greater. Conversely, if the inhibit input is shorted to dc common, an output pulse will be obtained 
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions. 6 


The TL440C is characterized for operation from O°C to 70°C. 


schematic 


SAW-TOOTH 
GENERATOR 
Vpat AC COMMON INPUT 


INPUT 





oc COMMON (4) 


output (10) | (9) Rinigh) 


Rilow) SAW-TOOTH 
GENERATOR 
OUTPUT 


Resistor values shown are nominal and in ohms. 
tPin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4, 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage applied to AC/DC input (See Note 1) sf ahr cea Gk na ae ote 4 te eae ee cae oh ees Ee wer a de ee as 
Peak current into AC/DC input . 2... 1 1 1 ee ee ee ee ee ee ee ee ew ee ee) 6 4OMA 
Peak current into zero-detector input . . 2. 1. 2. 1 ee ee ee ee ee ee eee ee ee ew e)©68OMA 
Peak output sink current (See Note 2) df See Sem pe gt ees TB wat ae Mg: ade: ee ga De Se ee oe dn “tek 250 mA 
Continuous total power dissipation at (or below) 70°C free-air temperaturerange ....... 2... =. S0OmW 
Operating free-air temperature range... ww ee ee ee ee ee ee ee «OPC to 70°C 
Storage temperaturerange . . 1. 1 1 ek ee ee ee ee ee ee ee ew ee 665°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage ........2.+..- =. +. ~ 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . - - 1 ee ee es 260°C 


NOTES: 1. Voltage values are with respect to the dc common terminal unless otherwise specified. 
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%. 


recommended operating conditions 


a NOON ONT 
D-c voltage applied to AC/DC input (See Note 3) 
Differential input voltage, V3 — V42 

input, 















Voltage at sensor or Vire¢) input, V1.3 or V42 Se ee 


Peak output current (See Note 4) | 200 | mA | 
Output pulse width 100 400 


Operating free-air temperature, Tp 0 70 





NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging an 
electrolytic capacitor from the line voltage. See typical application data. 
4. This value applies for ty, < 400 us, duty cycle < 2%, 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Sensor input voltage hysteresis Pin 11 connected to Pin 1 
Voltage required at inhibit input to inhibit output 



















MIN TYP_MAX| 
fe 00 
eee aes nee ye 
[-Giirranibinte Serer Wma gO i | 
Pe URBOCUNGS VAG) OOD a a he ee 
[ Gurrent into inhibit terminal required to iahibieoutput Sid SSCS SCS 
Peak output current (pulsing) 
Output eurent inibieed) SSCS (Vg tC 
a ae 
ae ee 
[9 115 | 


25 kQ connected to zero- 








Output pulse width into resistive load detector input, 


60-Hz power source 


Average temperature coefficient of output pulse width (0°C to 70°C) Re et dae ent tte pata ale 0.7 us/°C 
Peak output voltage of saw-tooth generator V17=12V 
Voltage at AC/DC input(See Note 5) aie as 






NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage. 
See Figures 1 and 3. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 





TYPICAL APPLICATION DATA 


The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c 
operating voltage. Since the series combination of D5 and D6 is in parallel with the series combination of C1 and D7, 
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1, 
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a 
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must havea 
negative coefficient in this circuit. 


During most of the a-c cycle, Q1 is turned on by the current flow through either D1, Q1, D4 or D2, Q1, D3, depending 
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base 
drive to Q7 and Q8 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, Q1 and 
Q6 are turned off. This enables Q7 and Q8 to turn on, thereby connecting d-c common to the triac trigger and firing the 
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier 
and resistance bridge circuit. 


As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control 
amplifier acts to lower the potential of the base of Q1 enough to allow Q1 to stay on for the complete cycle, thus 
inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, Q1 is allowed to 
turn off during the intervals where the line voltage passes through zero, thus generating output pulses. 


The width of the output pulse at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table 
| shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with 
high gate sensitivity may be required due to the high value of “‘latch-up”’ current of medium to high power triacs. 


TABLE | © 


OUTPUT 

PULSE 
oe ie 
15k2 | 100 ps | 
22k | 150 us | 


pocennnnnennnnennen nn nne Osean: O aaeeteaener 












HEATER 
LOAD 









Kcewia cas deem maemo adams (10) (8) (9) wom wwe wee ewe www ew oe - 


R( trigger) t 


FIGURE 1—ON-OFF HEATER CONTROL 


T Ritrigger) is adjusted so that the peak output is less than 200 mA, 





TEXAS INSTRUMENTS 321 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


322 


TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth 
generator, the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative. 
temperature coefficient. | 


Transistors Q9 and Q10 are connected to function:as an SCR in order to discharge external capacitor C2 very quickly. 
The time constant of the saw-tooth generator can be varied by changing either the externa! capacitor or the external 
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance 
would allow Q9 and Q10 to stay on continuously. The period of the saw-tooth generator is usually 10 to 100 times the 
period of the line voltage. 


At the start of the saw-tooth waveform the base of Q1 is high and output pulses occur at pin 10. At the desired 
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2(a). At a slightly 
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the 
potential of the entire saw-tooth waveform as shown in Figure 2(b) which causes a few more output pulses to occur. At 
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2(c). 





a ws 
OQ 
~ 
Oo 
= 


on 


r 
> 


Potential on Pin 13 


o-7- NN W 


Potentiat on Pin 13 
Potential on Pin 13 


on NW 





ofr NW 


Output Output Output! | 
Pulses Pulses Pulses 


Time ———ge Time ————» Time ————» 
(a) (b) (c) 
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE 
FIGURE 2 


Similarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a). 
Thus the proportional contro! feature allows a smoother control of temperature in this application by always providing 
output pulses during some portion of the saw-tooth generator cycle as opposed to the “full on/full off’’ circuit of 


Figure 1. 
: do, 
ca anion 
TRIACS TEN OP ON OL | pwmmtotaten cco beseacoe eee alowcncundcwocnd ss betes ome ccd s beccadecu 
‘Sbd | ammsreassn aesere area 


i ey “he 


R4 
10 k2t 
R310 ks oR 


c2 
oS 10 nF 
sv 








OSS e COSA SEONG HE DBE wewrsaensaeaawntd 


FIGURE 3—PROPORTIONAL HEATER CONTROL 


TReerigger) is adjusted so that the peak output is less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger 
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors Ra and Ry. 
When the output is enabled, the voltage drop developed across resistor RA is fed through Ry to the sensor input of the 
differential amplifier. This lowers the voltage at this point from the voltage level present when the output is inhibited. 
The resistance of the sensor must now decrease enough to overcome this additional (““hysteresis’) voltage in order to 
inhibit the output. Ry should have a typical value close to the value of the sensor used. The value of Ra, which 
determines the amount of hysteresis, should be approximately one tenth the value of Ry. In Figure 4 the 10 kQ2 
potentiometer is adjusted to set the voltage at pin 13 to the level at which the output is enabled. When precise control is 
not needed, such a circuit eliminates the small “uncertainty range’’ observed in time-proportioning systems. 







HEATEA 
LOAD 


Ones gman 





I 


A4 
TOKE . 
i ota hee 
pecans 
TR trigger) is adjusted so that the peak output is less than 200 mA. 


FIGURE 4—ON-OFF HEATER CONTROL WITH HYSTERESIS ADDED 6 
B 







R trigger) * 





Y cae fioore 
. eats a NE SST RST 
Output inhibited J “1 ! ? 
7? 
a 7 j i se 
pd 7 
& > I 7 
= a ! j A 
$ 7 t ! ? 
2 v i oo 
] ” 
_ Output enabled “i ls 
7 | 1 
Sk Ce, Re Le 





V43—Voltage at Pin 13 


FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4 


A—Circuit without added hysteresis (AVj3 * 15 to 20 mV residual hysteresis) 

B—Circuit with added hysteresis (AV7z3 ¥ 200 to 300 mV added hysteresis) 

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa. Solid lines 
represent stable states (inhibit or enable) of the differential amplifier. 


(a 
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LINEAR TYPES TL441M, TL441C 
INTEGRATED | LOGARITHMIC AMPLIFIERS 


CIRCUITS BULLETIN NO, DL-S 11427, JANUARY 1971—REVISED JUNE 1976 





JOR WN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


OUTPUTS 


T pmeNe, INPUT 
Z Zz B2 


INPU 
Cp2 CB2' GND BI 


e Excellent Dynamic Range 

e Wide Bandwidth 

e Built-In Temperature Compensation 

e Log Linearity (30 dBV Sections)... 1dBV 
e Wide Input Voltage Range 





Y= log Al + log A2; Z= log B1 + B2 
where: A1, A2, B1, and B2 are indBV, OdBV =1 V. 
Caz, Cag’, Cao, and Cgo:, are detector compensation inputs. 
description NC—No internal connection 


This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output 
of each stage is proportional to the Jogarithm of the input voltage over the 30-dBV input voltage range. Each half of the 
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the 
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical 
input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV 
with log linearity of +0.5 dBV (see application data). Bandwidth is from dc to 40 megahertz. 


These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve 
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video 
and log amplifiers. The TL441M is characterized for operation over the full military temperature range of —55°C to 
125°C; the TL441C is characterized for operation from 0°C to 70°C. 


schematic 
Vcct (3) 
OUTPUT 6) (ii) siete 
OUTPUT 
ours (5) One 
INPUT (7) (a) INPUT 


ed (4) eK: Ag (2) npuT 
sims ore (13) GND 


Caz! (3) a (14) CB’ 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages (see Note 1): 


VOC 6h ae, Boe ee Ee a a, a em Sees ee ey as oe @ re re =, SOV 
Input voltage (see Note 1 wi he cues die es SE. ie, fo Ve mua oe Ge “Gn cat at GR WU ae A er ere ee a «he ck ee OO 
Output sink current (any One Output) . 2 1 2. we ee ee ee eee we) )6SOMA 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 2) . ...... 2... =. 500mW 
Operating free-air temperature range: TL441M Circuits ........2.2.2.+. +... .. —55°C to 125°C 

TEA4IC Circuits: ee as ee SR Oe ee eS &. DCO 70°C 
Storage temperaturerange 2... ww ee ee ee ee ee ke ee ee eee) =6= EPS to 150°C 


NOTES: 1. All voltages, except differential output voltages, are with respect to network ground terminal. 
2. For operation of the TL441M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2, In the 
J package, TL441M chips are alloy-mounted; TL441C chips are glass-mounted, 


recommended operating conditions 


TL441M TL441C 
UNIT 


Input voltage for each 30-dBV stage 0.01 1 0.01 1 
Operating free-air temperature, TA =e OCLC 











electrical characteristics, Vcc+ =6 V, Vcc— =—6 V, TA = 25°C 


TEST TL441M TL441C 
PARAMETER UNIT 
FIGURE |MIN TYP MAX|MIN TYP MAX 
Differential output offset voltage + +60 


Quiescent output voltage 5.45 5.6 5.85/5.45 5.6 5.85 V 
D-c scale factor (differential output), 

" 7 8 10 mV/dBV 
each 30-dBV stage, -35 dBV to —-S dBV 


1 
A-c scale factor (differential output) | 8 md 
D-c error at —20 dBV (midpoint 
of —35 dBV to —5 dBV range) a 
| 500 
Output impedance 200 
Rise time, 10% to 90% points, Cy = 24 pF 
Supply current from Vcec+ 


Supply current from Vcec— —-6 -—8.5-10.5| —-6 —8.5-—10.5 
Power dissipation 123 162 201|123 162 201 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ Vcc— 


Input impedance 


[ons 
| mA 








Pp = Vec+ Iec+ + Vec—Iec- 
FIGURE 1 FIGURE 2 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 





PARAMETER MEASUREMENT INFORMATION 


Vec+ Vcec— Vcc+ Vec- 









TEKTRONIX 
SAMPLING SCOPE 
WITH DIGITAL 
READOUT OR 
EQUIVALENT 


WT | 


NOTES: A. The input pulse has the following character- 
istics: ty, = 50 ns, tre < 2 ns, te & 2 As, 
















18 mV 


DC 
100 mV | POWER 
560 mV | SUPPLY 


[Vout(560 mV) — Vout(18 mv)! mV 





Scale Factor = 


30 dBV PRR = 10 MHz. 
cor» Noultto nv) ~ 08 Voytse0 nV) 05 Vout ism ’ Peau 
Scale Factor C. Cy includes probe and jig capacitance, 
FIGURE 3 FIGURE 4 
TYPICAL CHARACTERISTICS 
TL441M TL441M 
DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE 0-C SCALE FACTOR 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Quiescent Output Voltage—V 


Voec+ = 6 
Vec- = -6V 


Differential Output Offset Voltage—mV 





O-C Scale F actor (Differentia! Output)—mV/dBV 


See Figure 2 





os 80-25. 0 2 80 75 100 128 oy 50-250 25 60 75 100 125 75 50-25 0 25 50 75 100 125 
Ta—Free-Air Temperature—"C Ta—FreeAir Temperature—°C Ta—Free-Air Temperature—"C 
FIGURE 5 FIGURE 6 FIGURE 7 
TL441M 
D-C ERROR OUTPUT RISE TIME POWER DISSIPATION 
VS vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE FREE-AIR TEMPERATURE 













t,—-Output Rise Time—ns 
Power Dissipation—mW 
& 


Vec+ = 6 


' (os a es 
cco ee eee ee a 
tafe ed laren flee 


See Figure 4, outputs toaded symmetrically 








-75 -60 -25 0 25 «(50 75 100 125 0 5 10 15 20 25 Kt] O38 -60 -25 0 25 «650 75 100 125 
Ta—Free-Air Temperature—"C CU—Load Capacitance—pF Ta—Free-Air Temperature-"C 
FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 





TYPICAL APPLICATION DAT 


Although designed for high-performance applications 
such as broadband radar infrared detection, and 
weapons systems, this device has a wide range of 
applications in data compression and. analog 
computation. 


basic log function 


The basic ‘tog response is derived from_ the 
exponential current-voltage relationship of collector 
current and base-emitter voltage. This relationship is 
given in the equation: 

m°Ve_e = In [(Ic+ ICES)/ICES] 
where: {tc = collector current 

ICES =collector current at VgE =0 

m=q/kT {in V—1) 

VBE = base-emitter voltage 


The differential input amplifier allows dual-polarity 
inputs, is  self-compensating for temperature 
variations, and is relatively insensitive to noise. 


functional block diagram 





OUTPUTS 


FIGURE 11 


log sections 


As can be seen from the schematic, there are eight 
differential pairs. Each pair is a 15-dBV_ log 
subsection, and each input feeds two pairs for a range 
of 30 dBV per stage. 


Four compensation points are made available to allow 
slight variations in the gain (slope) of the two 
individual 15-dBV stages of input A2 and B2. By 
slightly changing the voltage on any of the 
compensation pins from its quiescent value, the gain 
of that particular 15-dBV stage can be adjusted to 
match the other 15-dBV stage in the pair. The 
compensation pins may also be used to match the 
transfer characteristics of input A2 to Al or B2 to 
B1. 


The log stages in each half of the circuit are summed 
by directly connecting their collectors together and 
summing through a common-base output stage. The 
two sets of output collectors are used to give two log 
outputs, Y and Y (or Z and Z) which are equal in 
amplitude but opposite in polarity. This increases the 
versatility of the device. 


By proper choice of external connections, linear 
amplification, linear attentuation, and many different 
applications requiring logarithmic signal processing 
are possible. 


input levels 


The recommended input voltage range of any one 
stage is given as 0.01 volt to one volt. Input levels in 
excess of one volt may result in a distorted output. 
When several log sections are summed together, the 
distorted area of one section overlaps with the next 
section and the resulting distortion is insignificant. 
However, there is a limit to the amount of overdrive 
that may be applied. As the input drive reaches 
+3.5 volts, saturation occurs, clamping the 
collector-summing line and severely distorting the 
output. Therefore, the signal to any input must be 
limited to approximately +3 volts to ensure a clean 
output. 


output levels 


Differential-output-voltage levels are low, generally 
less than 0.6 volt. As demonstrated in Figure 12, the 
output swing and the slope of the output response 
can be adjusted by varying the gain by means of the 
slope control. The coordinate origin may also be 
adjusted by positioning the offset of the output 
buffer. 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


circuits 


Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise 


designated are uA741. For operation at higher frequency, use of uA733 is recommended instead of uA741, with the 
differential outputs connected as in Figure 14. 


TYPICAL TRANSFER 
CHARACTERISTICS 
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TRANSFER CHARACTERISTICS + 
OF TWO TYPICAL INPUT STAGES 
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FIGURE 13—UTILIZATION OF SEPARATE STAGES 


TRANSFER CHARACTERISTICS 
WITH BOTH SIDES PARALLELED 
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FIGURE 14—UTILIZATION OF PARALLELED INPUTS 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 
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NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to +4 V. 
B. The gains of the input amplifiers are adjusted to achieve smooth transitions. 


FIGURE 15—LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV 


INPUT 


OUTPUT W 
(See Note 8) 


iIHO > 


INPUT 
B 





i{-_o 


NOTES: A. Connections shown are for multiplication. For division, Z and 2 connections are reversed. 
B. Output W may need to be amplified to give actual product or quotient of A and B. 
- . R designates resistors of equal value, typically 2kQ to 10 kQ. 
Multiplication: W = A*B = log W = log A + log B, or W = allogg A + log, B) 


Division: W = A/B = log W = log A — log B, or W = alloga A — loga B) 


FIGURE 16—MULTIPLICATION OR DIVISION 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 





TYPICAL APPLICATION DATA 


INPUT OUTPUT 
A w 





NOTE: R designates resistors of equal value, typically 2kQ2 to 10 kQ. The power to which the input variable is raised is fixed by setting nR. 
Output W may need to be amplified to give the correct value. 
Exponential: W=A" = log W =n log A, or W = al loga A) 


FIGURE 17—RAISING A VARIABLE TO A FIXED POWER 





2k2 2kQ 






INPUT O 
OUTPUT 
W 





tenet 


NOTE: Adjust the slope to correspond to the base °’a’’, 
Exponential to any base: W=a 


FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER 











0.2 pF 
INPUT 2.2kQ Fs 
1 OUTPUT 
2.2k2 a eae 
. Adj 
502 509 Gain Adj. 
TF for 30 di 
= = for 30 dB = 0.2uF = = 
INPUT 2.2k2 Po 
2 e 
2 mee 
pe 


Ca2Ca2’' Cp2 CB2’ 2.2 k2 ; 
- an Gain 
. = 
509 50 2 Gain Adj. 
= 4002 
> = LS for 3048 = = 


e 
Vcc-— 


FIGURE 19—DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz 
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LINEAR 
INTEGRATED 
CIRCUITS 








e Flat Response to 100 MHz 

e Local Oscillator IF lsolation...30 dB Typ 
e Local Oscillator RF Isolation...60dB Typ 
e RF-IF Isolation...30dB Typ 

e Conversion Gain...14dB Typ 

@ Use with 12-V or +6-V Power Supplies 


description 


The TL442M and TL442C are doubly balanced mixers 
that utilize two cross-coupled, differential transistor 
pairs driven by a third balanced pair. The circuit 
features a flat response over a wide band of 
frequencies. Operation from single or split power 
supplies is possible. Refer to typical application data. 


The TL442M is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the TL442C is characterized for operation from 
0°C to 70°C. 


schematic 








OUTPUT EO 


All component values are nominal. 


FORMERLY SN56514, SN76514 





TYPES TL442M, TL442C 
BALANCED MIXERS 


BULLETIN NO. DL-S 11430, OCTOBER 1979 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


DECOUPLE 
E Rcc INPUT 2 NC 


OUTPUT RF 
C 


NC +Vcc OUT-. FLOAT-LOC -Vcc NC 
PUTE ING OSC 
GND INPUT 


NC—No internal connection 





O DECOUPLE 2 


FLOATING 
GND 


O DECOUPLE 14 


1.05 kQ 
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TYPES TL442M, TL442C 
BALANCED MIXERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). 2. ww ww ee ee ee eee eee 1B 
Input voltage (see Notes 1 and2) ..... 1. 1 we ee ee ee ee ee ee ee ee eee) ULTUNM 
Continuous output current (see Note3) ... . ths a ae a a ae ee, OAL 
Continuous total power dissipation at (or below) 25° C ae -air fempetature (ee Note 4) wee ew ew we. BOO MW 
Operating free-air temperature range: TL442M Circuits i RD. ak me ew me De we =bS EC 10:125°C 

TL442C Circuits 5 ww ee ee ee ee ee «OCHO 70°C 
Storage temperaturerange 2. 1. 1 ww ee ee ee ee ee eee e)~6=-65°C to 150°C 


recommended operating conditions 


MIN NOM MAX UNIT 


Supply voltage, Vcc .... . WN Age Sain Se. er AD GAD “ngs as oy. CoP the GE cer dey te) ae 2S 12 V 
Local oscillator input voltage (see Note 5) tS i Ge, ah TSE ts eee Ye Ee 250 300 mVrms 
RF input voltage (see Note5) .... a ee ee ee ee ee 10 30 mVrms 
Operating free-air temperature range: TL442M Circuits Sua a east SE Bende a ts es TED 125 “G 
TL442C Circuits»... 1... ee 0 70 °C 


electrical characteristics at 25°C free-air temperature, Vcc = 12 V 


TEST TL442M TL442C 
PARAMETER TEST CONDITIONS UNIT 
FIGURE MIN TYP MAX|MIN TYP MAX 


Se 105 113/96 105 11.3] Vv | 
icc Supplycurrent sd 5.5 7.4 10.9 | 5.5 7.4 10.9| mA | 


fmf and fo = 100 kHz 
C | ded output 
onversion gain (single-ended output) eran ce thru 40 MHz 


; : ; fLo = 100 kHz 
LOIFI Local oscillator to IF isolation 
thru 40 MHz 
; : , fio = 100 kHz 
LORFI Local oscillator to RF isolation 3 
thru 40 MHz 
; : fF = 100 kHz 
RFIFI RF to IF isolation 
thru 40 MHz 


t The typical values are at 40 MHz. 











NOTES: 1. All d-c voltage values are with respect to —Vcc terminal. 
2. This rating applies to the tocal-oscillator input, RF input, and Decouple 2. 
3. This value applies for both outputs simultaneously. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL442M chips are alloy- 
mounted; TL442C chips are glass-mounted, 
5. All signal voltages are with respect to the floating-ground terminal. Alternatively, the RF input may be applied differentially 
between the RF input terminal and Decouple 2. 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
PACKAGE 
RATING FACTOR TA 
J(Alloy-Mounted Chip) 500 mw 11.0 mw/C 
J(Glass-Mounted Chip) 500 mW 8.2 mw/C 
N 500 mw 9.2 mWPC 
Also see Dissipation Derating Curves, Section 2. 
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TYPES TL442M, TL442C 
BALANCED MIXERS 


PARAMETER MEASUREMENT INFORMATION 







OVcc = 12 V Pp = Vecicc 






SIGNAL 
SOURCE 
Rg = 502 














SPECTRUM 
ANALYZER 
(See Note 7} 












Pin 
Designations 
Below 






Pin 
Designations 












SELECTIVE 
VOLTMETER 














SIGNAL 


RF 
VOLTMETER 
Tho See Note 6 SOURCE “Ty See Note 6 


RG =5022 


FIGURE 1—Vo, Icc, and Pp FIGURE 2-Gc 





SPECTRUM 
ANALYZER 
(See Note 7} 





OVec =12V 











SPECTRUM 
ANALYZER 
(See Note 7) 


RF 
VOLTMETER 









Pin 
Designations 









SIGNAL 
SOURCE 
Rg = 502 













SELECTIVE 
VOLTMETER 
Cc ime) Cc See Note 6 


FIGURE 3—LOIF! and LORFI FIGURE 4—RFIF! 


Pin Designations: For all test circuits appearing in this RF 
data sheet, terminal functions are defined by their 

relative positions as shown in the drawings in this nea 
block. Osc 


Rec 
FLOATING GND 





NOTES: 6. Capacitor C comprises the following capacitors in parallel: 1 “UF, 0.1 uF, and 0.0015 uF. 
7. The spectrum analyzer is used for frequencies above the normal range of the selective voltmeter. 
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TYPES TL442M, TL442C 
BALANCED MIXERS 





TYPICAL CHARACTERISTICS 


QUIESCENT OUTPUT VOLTAGE TOTAL POWER DISSIPATION 
vs vs 
FREE-AIR TEMPERATURE | FREE-AIR TEMPERATURE 


100 





















ere fee) 
pike Oe ee 


See Figure 1 


ee aee 











: A aed 
ee & | = 90 en 
8 E 
= =SeR Ree oe ee ee 
a eee TS 7 a : 
a 
CCP R Ss : 
é CPE ; 
i 9 - 70 
fe) | 
cima Goes ee ae i 
ee oe Arte de piece acd 
-75 ~50 -25 0 125 -75 -50 -25 0 .25 50 758 100 125 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 5 FIGURE 6 
CONVERSION GAIN CONVERSION GAIN 
vs vs 
SUPPLY VOLTAGES LOCAL OSCILLATOR VOLTAGE 
40 
nam em a 
cay Se 
eek 21 Miz Serre ode 
ca Ta = 25°C wo 20 aon as a 
‘i See Figure 2 7 pee hdiad 
s & 10 RF = 100m 
Oo o | iA ie = 150 mv 
F Zn ee 
é > eae DE VRF = 300 mV 
5 é ig po 
| 
b : wee ae 
9 a al 





0 2 4 6 8 10 «(12 14 «16 100 200 300 400 500 600 700 800 
Vcc—Supply Voltage-—V Vio—Local Oscillator Voitage—mV 
FIGURE 7 FIGURE 8 
CONVERSION GAIN CONVERSION GAIN 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 
1 f 


Gc—Conversion Gain—d8 


Voc =12V 


Gc—Conversion Gain—cB 


CATT Nt 
AUT LA 








1 4 10 40 100 400 1000 60 —40 -20 0 20 40 60 80 100 120 140 
fRF-—Frequency—MHz Ta—Free-Air Temperature—"C 
FIGURE 9 FIGURE 10 
. 107 
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TYPES TL442M, TL442C 
BALANCED MIXERS 





TYPICAL CHARACTERISTICS 


LOCAL OSCILLATOR TO IF ISOLATION 
VS 
FREQUENCY 





3 
A 
2 
® 
> COMET nt 
u TIT 
b 
= 20 
j a 
oO 
° 
a 
Jt 10 
a Veco = 12V 
° oe oot 
sebein3 Til na 
0 
0.1 0.4 1 40 





fLo—F requency—MHz 


FIGURE 11 


LOCAL OSCILLATOR TO RF ISOLATION 
VS 


FREQUENCY 


Ton on 
COT EN TT 

BN iii UU 
COT nT 
BR 
beat al 


80 







70 


60 






50 







40 





30 


20 





LORFt—Local Oscillator to RF Isolation—dB 







Veco *=12V 
a VLo = 100 mV 
Ta =25'C 
See Figure 3 
Oo 
0.1 0.4 1 4 40 100 


fi oQ—Frequency—MHz 


FIGURE 13 


RF TO IF ISOLATION 
vs 


FREQUENCY 


i Bin 
Bet i ULL 


UIT ETE | UT 
LM nait 


RFIFI-RF to IF tsolation—d8 


Vec=12V 


VRE = 1Omv He Hl 
Ta = 25°C 
See Figure 4 


1 4 10 40 = =100 400 1000 





fp F—Frequency—MHz 


FIGURE 15 


LOCAL OSCILLATOR TO IF ISOLATION 
vs 
FREE-AIR TEMPERATURE 


VLoO = 100 mV 
flo = 1 MHz 
See Figure 3 


LOIFI—Local Oscillator to IF Isolation—dB 





0 
~60 -40 -20 0 20 40 60 80 100 120 140 


Ta—Free Air Temperature—°C 


FIGURE 12 


LOCAL OSCILLATOR TO RF ISOLATION 
vs 


FREE-AIR TEMPERATURE 
t 


fLOo = 1 MHz 
See Figure 3 





LORFI—Local Oscillator to RF Isotation—dB 





0 
-60 -40 -20 0 20 40 60 80 100 120 140 


Ta—Free-Air Temperature—°C 


FIGURE 14 


RF TO IF ISOLATION 
VS 


FREE-AIR TEMPERATURE 








20 





RFRFI-—RF to IF tsolation—dB 


Q 
—-60 -40 ~20 0 20 46 60 80 100 120 140 
Ta—Free-Air Temperature—C 


FIGURE 16 
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TYPES TL442M, TL442C 
BALANCED MIXERS 





TYPICAL CHARACTERISTICS 


SIDEBAND HARMONIC SUPPRESSION 
vs 
LOCAL OSCILLATOR FREQUENCY 


ims lll 
ail ‘ 


Voc = 12V 


UE ALI 
I, Hh 


far = 100 kHz 


VraF = 10 mV 

viosomv 1 UH LI 
Ta = 25°C 

crema ELIMI LEI 


0.1 0.4 1 100 
fL_oO — Local Oscillator Frequency — MHz 
FIGURE 17 


Suppression Below Each 
Fundamental Sideband, f_o + fRF—dB 








TYPICAL APPLICATION DATA 


The TL442M and TL442C balanced mixers are designed to have considerable circuit flexibility, which results in a wide 
range of applications. Typical applications include use as balanced modulators for sideband-suppressed-carrier generation, 
product detectors for demodulation, frequency converters, and frequency or phase modulators. In addition, the 
TL442M and TL442C may be used in control systems and analog computers as low-level multipliers or squaring circuits. 


For operation from a single 12-V supply, connect the positive terminal of the supply to +Vc¢c, the negative terminal 
to —Vcc, and the floating-ground terminal to Rcc. For operation from two 6-V supplies, leave Rcc open and connect 
the positive terminal of one supply to +Vcc, the negative terminal of the other supply to —Vcc, and the remaining 
terminals of the two supplies to the floating-ground terminal. Electrical characteristics will be unchanged with the use 
of either power supply option. External bypass capacitors, as shown in Figure 18, should be used for optimum 
nerformance. 


The mixer’s electrical performance and the inherent IC advantages of size, reliability, and component matching make it 
very desirable for use in communication and control systems. 


O Vcc = +12 V 





Voc1=+6V 0 OVcc2=-6V 


( )ouTPuT E 

? Can 

NOTE: Capacitor C comprises the fol- Pin 

3 ‘ ' Designations 
Poca RCAOR lowing capacitors in parallel: 

1 MF, O.1 UF, and 0.0015 uF. 


LOCAL OSCILLATOR 
INPUT INPUT 


= FIGURE 18—EXTERNAL CAPACITOR CONFIGURATIONS = 
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LINEAR TYPE TL480C 


INTEGRATED 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 
CIRCUITS 


BULLETIN NO, DL-S 12735, NOVEMBER 1979 





e 10 Comparators Logrithmically Digitize ae ge 
i -IN-LINE PACKAGE 
Analog Input Signals | oa VIEW) 


e High Input Impedance... 100k Typical 


e Open-Collector Outputs Capable of 


a9 
Sinking up to 40 mA and Withstanding 


up to 32 V 
; Q10 
e Economical 14-Pin Dual-In-Line 
Plastic Package 
Vec1 
eo 2-dB Intervals 
description PEGE 


The TL480C consists of ten comparators and a 

reference voltage network to detect the level of GND 
a signal at the analog input. Output Q1 is switched 
to a low logic level at a typical input voltage of 
218 millivolts. After each 2-dB increment, the next 
output is switched to a low logic level. All outputs 
are at low logic levels at a typical input voltage of a2 
1732 millivolts. The hysteresis of all trigger points 

is typically 10 millivolts. 


Q1 





NC-No internal connection 


The TL480C is especially designed to detect logrithmic analog-signal levels and may be used in various industrial, 
consumer, or automotive applications such as low-precision meters, warning-signa!l indicators, A/D converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable of 
sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are suitable 
for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digital integrated 
logic such as TTL, CMOS, or other high-level logic. 


The TL480C is characterized for operation from 0°C to 70°C, 


functional block diagram 


VOLTAGE 
REGULATOR 






ONLY 
TWO 
OF TEN 
OUTPUTS 
SHOWN 


ANALOG (4) 
INPUT 


(5) 


Copyright © 1979 by Texas Instruments Incorporated 
179 
ADVANCE INFORMATION TEXAS INST RUMENTS 349 
This document contains information on INCORPORATED 


a new product. Specifications are subject 
to change without notice. POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 





340 


TYPE TL480C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Supply voltage, Vcc (see Note 1) 2... ee ee ee Bethany. ate ate peel Saasat 8h la a wig eth ange ob 20 V 

ieee, “MADUEVOILEGE?: ence is.ke9,e BS- 6 ase tates teahce doin es we ar mnt Boas daa tate eaten ae Bhawan eee Laue Gtelas te tot eay ee ANE eecaee teee 8V 
Off-state output voltage .......... Pe ee ee ere ee ee ee ee ee ee ee are ee eee a 
On-state output current (each output) ..........e0025 ee Pee dice eteiran Genta Grease te en at weee 6OMA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package .....6.. 1025 mW 

N package ...... ». 1150mW 

Operating free-air temperature range ...... SG a aie ap oa ite A od woe oe eel gee ere Nesxant .. OCto 70°C 
Storage temperature range ....... eee nscaah aie ial eects. chats J Ware tied tee eeeeeeeae —65°C to 150°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ...... cece cece ee eee veee 300°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ...... ce eee eee ee eee 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, chips are glass-mounted. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR TA 


PACKAGE 


J (Glass-Mounted Chip) 1025mW 8.2mW/°C 25°C 
N 1150 mW 9.2mW/°C 25°C 





Also see Dissipation Derating Curves, Section 2. 


recommended operating conditions MIN NOM MAX 
Supply voltage, VC& wwe ee ees i eth heck Gtig wwe Wig iord orem aie 10.8 12 13.2 
OUuIput Voltage, Vij:  s:heis edie tose eed eae ah he ke eG ok ud be ee 32 
Oltputcunment. 16) 16-864 oes voWww wediene de joiad detaraiersetarautenas tite a Nal ein Ue et a 40 
Operating free-air temperature, TA ow ee te tt te tt te ttt 0 70 


UNIT 
V 
V 
mA 
"Cc 


electrical characteristics over recommended operating free-air temperature, VCC = 12 V, (unless otherwise 


noted) 
















Switching Q1 197 2 
Switching Q2 247 275 304 
Switching Q3 311 346 383 


Switching Q4 392 435 483 
Switching Q5 494 548 607 
Switching Q6 621 690 765 
Switching G7 
Switching O08 985 1093 1212 
Switching Q9 1240 1376 1526 


Switching Q10 1561 1732 1921 












Positive-going threshold 
Wis eee Ta = 25°C 
voltage at input A 


. eee ; : lol =10mA 0.12 0.3 


3 
: 10 


TAII typical values are at Voc = 12 V and Ta = 25°C. 









PARAMETER TEST CONDITIONS | MIN TYPTt MAX | UNIT 
18 242 


mV 


ee 
1OH High-level (off-state) output current VOH=32V | 5 200 | pA 
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LINEAR TYPE TL481C 


INTEGRATED 
CIRCUITS 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 


BULLETIN NO. DL-S 12736, DECEMBER 1979 





pa ate eee NG 
@ 10 Comparators Logarithmically Digitize HUAMINGCINE PACKAGE 


Analog Input Signals (TOP VIEW) 


e High Input Impedance... 100 kQ Typical 


e Open-Emitter Outputs Capable of Sourcing Qs as 
Up to 25 mA and Withstanding Up to 
35 V Q10 Q7 
e Supply Voltage Range of 10 to 35 V (Vcc2) 
@ Economical 14-Pin Dual-In-Line Plastic Vec1 a6 
Package 
e 2-dB Intervals ANALOG Veco 
INPUT 
description 
GND Q5 
The TL481C features open-emitter outputs capable 
of operating to 35 volts and sourcing 25 milliamperes 
for driving vacuum fluorescent displays. The TL481C Q1 Q4 
uses ten comparators and a reference voltage network 
to detect the level of a signal at the analog input. 
Output Q1 is switched to a high logic level at a a2 Q3 





typical input voltage of 218 millivolts. As the input 
Signal is increased, subsequent outputs are switched 
to a high logic level at 2-dB intervals. All outputs are 
at high logic levels at a typical input voltage of 1732 millivolts. The hysteresis of all trigger points is typically 10 
millivolts. 


The analog input has an impedance of 100 kilohms. This high input impedance can be driven directly from a high- 
impedance source; however, the addition of a capacitor may be required to reduce noise. 


The TL481C is designed for logarithmic detection of analog signals and may be used in applications such as low-precision 6 
meters, warning signal indicators, A/D converters, feedback regulators, pulse shapers, delay elements, and automatic 
range switching. 


The TL481C is characterized for operation from O°C to 70°C. 
functional block diagram 







(3) VOLTAGE 


Vec1 REGULATOR 


ANALOG _{4) 
INPUT 


(5) 
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TYPE TL481C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcci (see Note 1) ....... Seti Ria ah Ector Baran, aos a Re Sal hee a See ae 20 V 

VOC. ssi eRe See A ee ee ee @ ae 8 eis tar a ree ak ae .oe 40V 
[PUR VONAGE. ».ceecers ote wb Sd ae eve ticker ye alo BS 6 oh cir a ae Ew eer os ee ae ee eS 8V 
Output voltage range: a 55 4. Sh toe eed Oe tare oa. eae HOR Va Oe Si ee ees OV to Vcc2 
On-state output current (each output) ........... tee ee eee en ee eee eo —30 mA 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note2) ...........005 -... 2075 mW 
Operating free-air temperature Tange” isco eo Ge Se SRN A ee Re Oe Meal b ENG SEE EES 8 0°C to 70°C 
Storage temperature Vande: sesh eed & Sb Behe are ee oe ea ged eS Sw aaa —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds  .. 1... ee ee ee te te ene 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mW/C. 


recommended operating conditions 
MIN NOM MAX UNIT 


Supply Voltage, VCC]. ce eet eet et eet e eee een anes 10.8 12 13.2 V 
VECO: den cae d cule GOS as ene anes SoS a ace Oaks Be 10 25 35 V 

OUIBDULCUTENTAG: w244 5 Gh de haw cba ee ae awa ee BU SEE HERES ete @ 25 mA 

Operating free-air temperature, TA 2. ee ee ee ee eee tenes 0 70 C 


electrical characteristics over recommended operating free-air temperature and supply voltage ranges 


(unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
97 218 24 












Switching Q1 
Switching Q2 247 275 304 


Switching 03 
Switching 5] + aeeg acy 
Switching Q6 621 690 765 

Switching Q7 782 868 963 

Switching O08 985 1093 1212 

Switching Q9 1240 1376 1526 


1561 1732-1921 
Viovr paths CPSCOSC—C—SOSSSSCSCSC“‘“‘SO CC 
VOH High-level (on-state) output voltage 
HA 
SSeS ONL a pr 
Cc 
15 27 





Positive-going threshold 


V 
i voltage at Analog input 









Icc1 Supply current from Vcc4 Alronwualon Vec1=12V No toad 


T All typical values are at Voy = 12 V, Veco = 25 V, and Ta = 25°C. 
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LINEAR TYPE TL487C 


INTEGRATED : 
CIRCUITS 5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 


BULLETIN NO, DL-S 12675, FEBRUARY 1979 


5S Comparators to Digitize Logarithmic JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
Analog Input Signals in 3-dB Step 

Increments ANALOG DIGITAL OUTPUTS 

High Input Impedance... 100 kQ Typ ee ee a aa. 


Open-Collector Outputs Capable of 
Sinking up to 40 mA and Withstanding 
up to 18 V 


Supply Voltage Range of 10 to 18 V 


Economical 8-Pin Dual-in-Line Plastic 
Package and Ceramic Package 


FUNCTION TABLE 


INPUT A OUTPUTS 
(NOM) 


Q1 Q@2 a3 a4 Q5 
0 —~266 mV 


~266 —~375 mV 
#375 —~530 mV 
530 —~749 mV 
#749 —~1058 mV 
>+1058 mV 











Q2 


DIGITAL OUTPUTS 





H = high fevel, L = !ow level 


The nominal! input voltage ranges shown are 
for rising input voltage. Negative-going 
thresholds are typically 10 mV lower, 


description 


The TL487C is especially designed to detect and indicate analog signal levels. The device may be used in various 
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D 
converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are 
suitable for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digital 
integrated logic such as TTL, CMOS, or other high-level logic. 


The TL487C consists of five comparators and a reference voltage network to detect the level of an analog input signa! 
at the A input. Output Q1 is switched to a low logic level at a typical input voltage of 266 millivolts. After each 3-dB 
increase, the next output is switched to a low logic level. All outputs are at low logic levels at a typical input voltage of 
1058 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may be operated 
at voltages up to 18 volts. The analog input has a high impedance of typically 200 kilohms. 


Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow 
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be 
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance 
source. 


The TL487C is characterized for operation from O°C to 70°C. 
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TYPE TL487C 
5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 





absolute maximum ratings 


‘Suipply voltage; Vee(see@ Note NW) % a.acd5v-aace vO bow fot So oe SoS Snead e he hat eee 20 V 
Voltage at-dmalog (AputAS: <ice ose ered Ae we es ae Ree Bw te BOR oe He ceo eas es 8V 
OTEStATeOUTBULVOIG0G® hse, Sead ed Ace Ow eras bu Gad ow A ee Pe wae A ee Oe ere ee 20 V 
Current through analog inputA. <x. 0.6 soca tra eee ecers hee Se ea a SS Rt oe Oe Oe EWE ews —10mA 
Low-level output current (each output) . 2.0... ce ee ee ee eee ee ee eee tenes 80 mA 
Total low-level output current 6... ee ec eee eee eee eee eee e een eenneees 200 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): JG package ........ 825 mW 

P package ........ 1000 mW 

Operating free-air temperature range 6 fw ee ee ee ee ee ee ee eee 0 Cto 70 C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds «1... ee ee eee te ee tee eee 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL487C chips are glass- 


mounted, 


DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


JG (Glass-Mounted Chip) 825 mW 6.6 mwfC 25°C 
P 1000 mW 8.0 mW/PC 25°C 





Also see Dissipation Derating Curves, Section 2. 


recommended operating conditions 


MIN NOM MAX 
SuUppIYVOltage VEG -c. oe 2d eo AER See ee SO SCe ee RS 10 12 18 
Output voltage, Vo Sth: i. Bhai? Ws ay Ge te Ee oe 18 
Low-level output current . 2... 1 1 ee et ew ee te et te 40 
Operating free-air temperature, TA oY. a on ee ice, ott Gone Se SD 0 70 


electrical characteristics over recommended operating ranges of Vcc and Ta, (unless otherwise noted) 













Positive-going threshold 
VT+ : + 
voltage at input A 


Switching interval 8 
a __ one ———_}+——— 
High-level output current VoH = 18 V 







All | All outputs high | | All outputs high | All outputs open, ene UNA 
Supply current 
All | All outputs low _| | All outputs low _| Vcc =12V 
TAN typical values are at Voc = 12 V, Ta = 25°C. 


These thresholds increase with temperature at the approximate rate of 1 mv/°C. 
Sswitching interval is the ratio of (1) V4 for switching output O,,44 to (2) V+4 for switching output Q,. 
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Switching Q3 Ta = 25°C a as mV 
Switching O4 Soa ee 
Switching 05 


8 = 
, mae lol = 16mA 0.15 0.3 
-lev tput voltage 
OL ow-level outpu ag lou = 40 mA 0.25 0.5 
18 ae a) 


UNIT 
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LINEAR TYPE TL489C 


INTEGRATED 
CIRCUITS 5-STEP ANALOG LEVEL DETECTOR 


BULLETIN NO. OL-S 12584, JANUARY 1978 — REVISED OCTOBER‘1979 





e 5 Comparators to Digitize Analog _ P DUAL-IN-LINE PACKAGE (TOP VIEW) 
Input Signals in 200 mV Increments 
e High Input Impedance... 100kQ2 Typ aneree DIGITAL OUTPUTS 
——— 
e Open-Collector Outputs Capable of a =e a = 
Sinking up to 40 mA and Withstanding 
up to 18 V 


e Supply Voltage Range of 10 to 18 V 


@e Economical 8-Pin Dual-in-Line Plastic 
Package 


FUNCTION TABLE 


INPUT A OUTPUTS 


(NOM) Q1 Q2 Q3 a4 O85 
-0—*200 mV 


~200—~400 mV 
~400—+600 mV 
~600—~800 mV 
~800—~ 1000 mV 
_>#1000 mv 


at Q2 





DIGITAL OUTPUTS 





H = high level, L = low level _ 


description 


The TL489C consists of five comparators and a reference voltage network to detect the level of an analog input signal 
at the A input. Output Q1 is switched to a low logic level at a typical input voltage of 200 millivolts. After each 
200-millivolt step, the next output is switched to low logic levels. All outputs are at low logic levels at a typical input 
voltage of 1000 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may 
be operated at voltages up to 18 volts. The analog input has a high impedance of typically 100 kilohms. 





Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow 
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be 
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance 
source. | 


The TL489C is especially designed to detect and indicate analog signal levels. The device may be used in various 
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D 
converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are 
Suitable for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital 
integrated logic such as TTL, CMOS, or other high-level logic. 


The TL489C is characterized for operation from 0°C to 70°C. 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 





absolute maximum ratings 


Supply voltage, Vcc (seeNote 1) ©. 2... eee ee ee ; ‘ 20 V 
Voltage at analoginputA ...... 2. 1 ww ee eh ee : | , . BV 
Off-state output voltage . . . 1. 1 ww ee et ; 20 V 
Current through analoginputA ......... 6.688 —10 mA 
Low-level output current (each output) .....4.4.2.. wee « « « B8OMA 
Total low-level output current ; S ts Se 200 mA 
Continuous total dissipation at (or below) 25° C fea -air fenuperatute ieee Note Digs a nooo 1000 mw 
Operating free-air temperature range .... . sa rclale “GEO WPL Swe alias iu Gl we ers ewe eee UOC 1670.6 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . 260°C 
NOTES: 1. Voltage values are with respect to network ground terminal. 
2. Derate linearly to 640 mW at 70°C free-air temperature at the rate of 8.0 mW/°C. 
recommended operating conditions 
MIN NOM MAX UNIT 
Supply voltage, VCC. ww we ke ee te ie Ba Se 10 12 18 V 
OUTDUCVOMAGE; VO-° a: acne 8 te is a See a see ae ee EY ee, wh 18 V 
Low-level output current . . 0. 0. 6 ew ee ee ee ek ee ke ek 40 mA 
Operating free-air temperature, TA Pete bie eects yin Qe we Ok be ae ahs BLY Se ae ee a age 0 70 ne: 


electrical characteristics over recommended range of Vcc and operating free-air temperature range 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS Typt MAX 


Switching Q1 200 

400 

Ta = 25°C 600 

Switching Q4 800 
1000 1080 

Low-4evel output voltage 

0.25 
on | All outputs low | low Ail outputs open 


TAI typical values are at Voc =12V. Ta = 95°C: 












Positive-going threshold 
VT+ ; 
voltage at input A 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 





TYPICAL APPLICATIONS DATA 


ANALOG 
tNPUT Vec 


100 kQ 






TL489C 


T Keep-alive resistors to avoid high switching current. 
FIGURE 1—INTERFACING WITH INCANDESCENT LAMPS 


ANALOG 
INPUT Vcc 


100 kn 


TL489C 





Lamps U1 through L5 illuminate as the input voltage increases in nominally 200-mV steps. 
Additionally, famp 1 will flash periodically when the input voltage at point P is below 200 mV. 


FIGURE 2—LEVEL INDICATION WITH FLASHING FEATURE 


ANALOG 
INPUT Vec 


Lamp L1 is turned on at input voltages (pin 8) 2 200 mV and he alge; turns off. 

Lamp L2 is turned on at input voltages 2 600 mV to indicate correct operation. 

Lamp L3 is turned on at input voltages 2 1000 mV and the over-range alarm turns on. 
FIGURE 3—THREE-STAGE LEVEL INDICATION AND CONTROL 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 





TYPICAL APPLICATION DATA 







(NPUT 






OUTPUT Q1 


The delay times are 
determined by the rate 
of change of the input 
signal. 


OUTPUT Q2 


OUTPUT Q3 


_ 
aoa ee 
——_— — ee eee eee eee ’ 
eee ee Pe ee a 
a lee a a Pa eS ee 
es See | See ee 
ee eee eee ee 


OUTPUT 04 


OUTPUT O5 | | 


FIGURE 4—WAVEFORMS FOR FIVE DELAYED OUTPUTS 


——_—_— — 


ee ee lee ee oe ee ee wee ee ee 


a se pt a ort ss 1035 mV (at Input A) 





INPUT 


TL489C 


Vt 


Pulse shaping OUTPUT 
resistor 
network 

V+ 





OUTPUT ov 


FIGURE 5—PULSE-SHAPE CONVERTER 


Voc 
10.5 to 15 V 






TL489C 
TEMPERATURE 
ENSOR 


Switch S$1 selects the temperature at which the fan starts operating, and S2 selects the temperature at which the fan stops operating. 
FIGURE 6—TEMPERATURE FEEDBACK REGULATION WITH SELECTABLE SYSTEM HYSTERESIS 
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LINEAR TYPE TL490C 


INTEGRATED 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 
CIRCUITS 







BULLETIN NO.DL-S 12677, JUNE 1979 — REVISED OCTOBER 1979 






10 Comparators to Digitize Analog JOR N DUAL-IN-LINE PACKAGE 
Input Signals (TOP VIEW) 
e Cascade Feature Allows Stacking 


Output Display Strings as 


as 


e Threshold Intervals Adjustable from 
200 mV to 100 mV 


e Open-Collector Outputs Capable of Vcc 


Qt0 Q7 


a6 
Sinking up to 40 mA and Withstanding 
up to 32 V ee GND 
e Supply Voltage Range of 10 to 18 V CASCADE a 
INPUT 
description 
THRESHOLD O4 
ADJUST 


The TL490C consists of ten comparators and a 
reference voltage network to detect the level of 
a signal at the analog input. Output Q1 is switched 
to a low logic level at a typical input voltage of 200 
millivolts with Threshold-Adjust open and the cascade 
input grounded. After each 200-millivoit increment, 
the next output is switched to a low logic level. All 
outputs are at low logic levels at a typical input 
voltage of 2000 millivolts. The threshold-adjust 
terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt increments by 
connecting an external resistor from Threshold Input to ground. 


NC Q3 


Qi 





NC—No internal connection 


This level detector is directly cascadable requiring only two external resistors. The maximum number of devices that 
can be cascaded is determined by the threshold level and the maximum input voltage. See Figure 4 in Typical Applica- 
tion Data. If the cascade feature is not utilized, the cascade input must be grounded for proper operation. 





The TL490C is especially designed to detect and indicate analog signal levels and may be used in various industrial, 
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable 
of sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are 
suitable for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digita! 
integrated logic such as TTL, CMOS, or other high-level logic. 


The TL490C is characterized for operation from O°C to 70°C. 


functional block diagram 


(3) VOLTAGE (2) 
4 Q10 
Vec REGULATOR aS 
CASCADE (5) 
INPUT 


ONLY 


ANALOG (4) \ TWO 
INPUT ' OF TEN 
OUTPUTS 
SHOWN 
| 
THRESHOLD (6) | 622402 
ADJUST 
8 
(8) | ai 


- ee 


Resjstor values shown are nominal. 
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TYPE TL490C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). ce ee ete eet ee tet eet ee ett eens eee 20 V 
Input voltage: Analoginput ........ 5 ee tae ey case etens Halas aiee es rete, Boopcer loi te erat eae on dota ee tee 8V 
Cascade. Input. .cu.stocsd 4a si ee bere Gene eh eke ae Be SO nS Wea oe Bathees 8V 

Off-state output voltage .........-.- Salar sd Serta akg aan iSite etcetera eae tar ees caress ciate gee: htm to he 40 V 
On-state output current (each output) 2... ee te ee ee ee ee eee eee eee ne eees 60 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2):J package ........ 1025 mW 
N package ........ 1150 mW 

Operating free-air temperature range ............0. Gerba Ride ves abba rates Seed ae Baa gpa ae Bee 0°C to 70°C 
Storage temperature range 2... ce ee eee eee eee ee ne nee ene eenees —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ...... cece eee eee ee eeee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package... . ee ee ee eee ee ees 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, chips are glass-mounted. 


DISSIPATION DERATING TABLE 


POWER DERATING ASOVE 
RATING FACTOR Ta 


PACKAGE 


J (Glass-Mounted Chip) 1025mW 8.2mW/°C 25°C 
N 1150mW  9.2mW/°C 25°C 





Also see Dissipation Derating Curves, Section 2. 


recommended operating conditions 


MIN NOM MAX UNIT 


DUppIY Voltage; VEG 25 oi 8 Shed Sd, Ske wt ent a rk a hoe dk eae ek ea 10 12 18 V 
Output voltade, Voy a sireeace3 G0 344 a ee Suse ee ae ed evn eee he 32 V 
Cascade input voltage (Pin 5) (when not grounded) Kearse ahtias eng Doron teehee bo” wre tanec 2 1 8 V 
OUTDULCULIENE 1G), «isin ra scchkica wenn ad ae a heat ere ob 50 A, ced es Sone Bete whet 40 mA 
Operating free-air temperature, TA 2.0... 0. cece eee ence tues 0 70 °C 


electrical characteristics over recommended operating free-air temperature and supply voltage ranges, 
pin 5 at gnd, pin 6 open (unless otherwise noted) 


PARAMETER | dL TEST CONDITIONS | MIN TYPt = MAX | UNIT 
Switching Q1 125 200 275 


Switching Q2 325 400 475 
Switching Q3 525 600 675 


Switching Q4 725 800 875 
225 10001075 
TA=25C mV 


Switching Q6 4125 1200 1275 
Switching Q7 1325 1400 1475 
Switching 08 1525 1600 1675 
Switching Q9 1725 1800 1875 
Switching 010 1925 2000 2075 
Wyn vy Inthe SC—C=~“‘“*~SSSCSC“‘“‘CSNSNNC#CSCN‘“#§NNNNT WO”~T—C~“‘W 


0.5 200 
VOL Low-level output voltage V 
ioL=40mA | 
Analog input 260 400 
| Psi euiine |Analoginput | oy < 
Cascade input 1000 1700 


All outputs high Vec = 12V, ES 
icc Supply current mA 


Tall typical vajues are at Voc = 12 V and Ta = 25°C 


















Positive-going threshold 


V 
bias voltage at input A 
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TYPE TLA90C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





TYPICAL CHARACTERISTICS 


THRESHOLD VOLTAGE INTERVAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
THRESHOLD-ADJUST RESISTANCE OUTPUT CURRENT 


veo TTT | 
asec} TT 











Threshold Voltage Interval—-mV 
VoL—Low-Level Output Voltage—V 


0 
100 400 1k 4k 10k 40k 100k 
Radj—Threshold-Adjust Resistance—{2 Iqg—Output Current—mA 
FIGURE 1 FIGURE 2 





TYPICAL APPLICATION DATA 


(OPEN) 


TL490C 
ANALOGg ANALOG 
INPUT INPUT 


CASCADE 
INPUT 





Lamps 1 through L10 sequentially ifluminate as the input voltage increases in nominally 200-millivolt steps. 


FIGURE 3—LEVEL INDICATION WITH LIGHT-EMITTING DIODES. 
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TYPE TL490C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


12V 


(OPEN) O 
















OUTPUTS TL4goc OUTPUTS 
5V 
ANALOG ANALOG 200 2 
INPUT INPUT NEXT STAGE: 
CASCADE INPUT 
CASCADE 4 
pay te 00 2 
400 2 


ANALOG INPUT 


To cascade three TL490C detectors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts (or 10 times 
the threshold interval), and bias cascade input 3 to 4 volts (or 20 times the threshold interval). This provides drive for 30 output steps with one 
continuous O- to 6-volt input. The maximum number of devices that can be cascaded is determined by the threshold tevel and the maximum 
Input voltage rating, 


2V FIGURE 4—CASCADING ANALOG LEVEL DETECTORS 


TIL280 / 
Vcc 
Vv TL490C mit 
pe a4 
TL173C OUT Neue as 
ND me 
Radj 
500 2 


The appropriate value of Raq), the external resistance between the threshold-adjust terminal and ground, may be calculated from: 
adj 






G 








0.84 (Ragj + 700 2) @ 2240 2 633 V+ 
— Ps + 1; 0r Ragj © 
VT 700 Q © Ragj 0.2 — VT 
where: Vt = threshold voltage interval, V 


Alternatively, Raqj can be estimated using Figure 1. 


In the circuit shown with Raqj = 500 2, Vz * 100 mv. 


FIGURE 5—LINEAR HALL-EFFECT SENSOR WITH 10-STEP ANALOG LEVEL INDICATOR 
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LINEAR TYPE TL491C 


INTEGRATED ST 
CIRCUITS 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 


e 10 Comparators to Digitize Analog NG DUAL-IN-LINE PACKAGE 
j (TOP VIEW) 
Input Signals 


BULLETIN NO, DL-S 12730, DECEMBER 1979 





e Cascade Feature Allows Stacking 


Output Display Strings ag as 
e Threshold Intervals Adjustable from ae re 
200 mV to 100 mV 
e Open-Emitter Outputs Capable of Veet Q6 
Sourcing up to 25 mA and Withstanding 
up to 35 V re Vec2 
e Supply Voltage Range of 10 to 35 V (Vcc2) CASCADE iis 
INPUT 
description THRESHOLD a4 
ADJUST 
The TL491C consists of ten comparators and a 
reference voltage network to detect the level of GND a3 
a signal at the analog input. Output Q1 is switched to 
a low logic level at a typical input voltage of 200 a1 a2 





millivolts with Threshold Adjust open and the cascade 
input grounded. After each 200-millivolt increment, 
the next output is switched to a low logic level. All 
outputs are at low logic levels at a typical input 
voltage of 2000 millivolts. The threshold-adjust 
terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt increments by connecting 
an external resistor from Threshold Adjust to ground. 


This level detector is directly cascadable requiring only two external resistors to establish a zero-reference level voltage 
for the cascade input. The maximum number of devices that can be cascaded is determined by the threshold level and 
the maximum input voltage. See Figure 4 in Typical Application Data. If the cascade feature is not utilized, the cascade 
input must be grounded for proper operation. 


The TL491C is especially designed to detect and indicate analog signal levels and may be used in various industrial, 
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-emitter outputs are capable 
of sourcing currents up to 25 milliamperes and may be operated at voltages up to 35 volts. The power outputs are 
suitable for driving a variety of display elements such as vacuum flourescent displays, LED’s, or filament lamps. The 
outputs may also drive digital integrated logic such as CMOS or other high-level logic. 


The TL491C is characterized for operation from O°C to 70°C. 


functional block diagram Vee 


(3) VOLTAGE 
7 ; (13) 
cc1—— REGULATOR S| | 
Q10 
{ 
CASCADE (5) ! 
INPUT i ONLY 


(2) 


ANALOG (4} \ Two 
INPUT ' OF TEN 
OUTPUTS 
SHOWN 
THRESHOLD (6) 22402 ! 
ADJUST 


700 2 
= : ap 
ea ai 


Resistor values shown are nominal. 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: Vcc (seeNote 1) 2... ce ee ee ee ee eens pane eae’ Maciel wits Ave tees 20 V 
NGCO ts da-decseir ack Sauer ee Rk REE Oe OE OOo Oe ieee tae a ea erica AO 

Input voltage: Analoginput ............ Pcie ak Lae aene Wee Raich Cae Neu kem e-beam aaa aw 
Cascade input .........200ee ee ee ee eee ee ee ee ee re ee eee 8V 

Output voltage range ...........28. G: WMssuta ah Saale sett Guelae mee ecw ae weer eee. eee w.e-. OVtoVEC2 
On-state output current (each output) 2... . ee ee ee eee ie Sng Washoe saa oe te eecie ere tee eta ene —30 mA 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note2)  ....... eee ee ~.. 2075 mW 
Operating free-air temperature range 6. ke ee ee eee ee eee ee eee eee tere eee eens 0°C to 70°C 
Storage temperature range 2... we ec ce ec ce cee ec eee ee tent et eet e eens —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds ........ cece ee cece cece eee eens 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal, 
2. For operation above 25 C free-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mW/°C, 


recommended operating conditions 
MIN NOM MAX UNIT 


Supply voltage: Vcc, www ee ee Ske wee terse States Srila toes a aia ote dale ae eine 10.8 12 13.2 V 
VOCO- -ci-saw ee eae Oa ee See wwe week 10 25 35 V 
Cascade input voltage (When not at ground) .............cccceeeeeneees 1 8 V 
OUIPUt CUFFENT IO’. 049-5.) 's Se le G ea Base wee eee ewe eg Oe Bates 8s 25 mA 
Operating free-air temperature, TA ....... 2c cece eee eee brie Gat ate nti te 0 70 =C 


electrical characteristics over recommended operating free-air temperature and supply voltage ranges, 
pin 5 at gnd, pin 6 open (unless otherwise noted) 


a rer TCT TEST CONDITIONS typt MAX | UNIT 









125 200 275 
Sone Q2 325 = — 
Switching Q3 





. . 
* . 


Switching Q4 a ee 
Switching Q5 4 925 1000 1075 
TA=25C 


1125 1200 1275 
Switching Q7 1325 1400 1475 
Switching Q8 1525 1600 1675 
Switching Q9 1725 1800 1875 


Switching Q10 1925 2000 2075 
| Hon=—10mA | Veqa-13_Veg2-08 
VOH High-level (on-state) output voltage cC2 CC2 
1oH = -—25mA Vec2-1.5 Vec2—-0.9 
lOL Low-level (off-state) output current Vec2 =35V a ae 
260 400 
1) Input current VyFR2V 
10001700 
Supply current All outputs Paiearciene Vec1 = 12V, PB 
from Voor Alt outputs low | No load ocsemeee ieee 
Supply current All outputs high | Voor = 12, Vecp=S5V, |B | mA 
from Vcc? All outputs low | No load oa 


TAI typical values are at Voc, = 12 V, Vec2 = 25 V, and Ta = 25°C. 




















Positive-going threshold 
VT+ 





voltage at input A 


2 a * 
* * . 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





TYPICAL CHARACTERISTICS 
THRESHOLD VOLTAGE INTERVAL 


vs 


THRESHOLD-ADJUST RESISTANCE 


oT [AT 
“ee AMA 
TZ 
0 0 
TA on 
Tn con 
TT 
AT on 
AT Tn 

CC CoC 


200 
180 
160 








140 
120 
100 

80 


60 


Threshold Voltage Interval—-mV 


40 
20 











oL_ 
100 400 1k 4k 10k 40k 100k 
Radj—Threshold-Adjust Resistance—Q 
FIGURE 1 
TYPICAL APPLICATION DATA 
10V 12V 
et eld eee oO Q1 th h Q10 LED 
& utputs throug turn on ‘s 
DISPLAY — BkQ to represent the Input voltage level In 
Vec1 Vec2 multiples of the 200-millivolt threshold 
voltage. The threshold interval can be 
THRES reduced for greater accuracy by: adding 
(OPEN) ADJ a shunt resistor between Threshold 


Adjust and ground. The appropriate 
value of shunt resistance, Raqj, can be 
TL491C approxImated from 


0.84 (Ragj + 700 2) e 22402 


ANALOG VT 700 2 © Rag; _ 
INPUT 
533 Vy 
ned Oa Vy 


where: V-yr = threshold voltage interval. 
Alternatively Raqj can be estimated using 
Figure 1. 





Lamps L1 tnrough L10 sequentially illuminate as the input voltage increases in nominally 200-millivolt steps. 
* General Instruments MV57164 or equivalent. 


FIGURE 2—LEVEL INDICATION WITH LIGHT-EMITTING DIODES 
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TYPE TL49S1C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


12V 
e 






(OPEN)O 


















TL491C OUTPUTS TL491C OUTPUTS 
5V 
ANALOG ANALOG ANALOG 200 2 
NEXT STAGE: 
INPUT INPUT INPUT CASCADE INPUT 
CASCADE 
INPUT Q10 400 2 
400 2 


ANALOG INPUT 


To cascade three TL491C detectors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts (or 10 times 
the threshold interval), and bias cascade input 3 to 4 volts (or 20 times the threshold interval). This provides drive for 30 output steps with one 
continuous O- to 6-volt input. The maximum number of devices that can be cascaded is determined by the-threshold level and the maximum 
input voltage rating. 


FIGURE 3—CASCADING ANALOG LEVEL DETECTORS 
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INTEGRATED ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 
CIRCUITS 
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TL500C/TL501C 
ANALOG PROCESSORS 


e True Differential Inputs 

e Automatic Zero 

e Automatic Polarity 

e@ High Input Impedance... 102Ohms Typically 


TL500C CAPABILITIES TL501C CAPABILITIES 
e Resolution... 14 Bits (with TL502C) e Resolution ... 10-13 Bits (with TL502C) 
e Linearity Error. ..0.001% e Linearity Error ...0.01% 
e 41/2-Digit Readout Accuracy with e 3 1/2-Digit Readout Accuracy 
External Precision Reference 
TL502C/TL503C 
DIGITAL PROCESSORS 
e Fast Display Scan Rates 
e Internal Oscillator May Be Driven 
or Free-Running 
e Interdigit Blanking 
e OQver-Range Blanking 
e Display Test 
e 4 1/2-Digit Display Circuitry 
@ High-Sink-Current Digit Driver for 
Large Displays 
TL502C CAPABILITIES TL503C CAPABILITIES 
@e Compatible with Popular Seven-Segment e Multiplexed BCD Outputs 
Common-Anode Displays 
@ High-Sink-Current Segment Driver For ® High-Sink-Current BCD Outputs 


Large Displays 


description of converter system 


The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic functions for 
a dual-slope-integrating analog-to-digital converter. 


The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage generator, 


buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, by discrete logic, or by a 
software routine in a microprocessor. 


The TL502C and TLS503C each includes oscillator, counter, contro! logic, and digit enable circuits. The TL502C 
provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD outputs. 


When used in complementary fashion, these devices form a system that features automatic zero-offset compensation, 
true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy. Applications include the 
conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, and position, 
Analog-to-digital-logic conversion provides display and control signals for weight scales, industrial controllers, 
thermometers, light-level indicators, and many other applications. 


Copyright © 1979 by Texas instruments Incorporated 
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principles of operation 


The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged through the 
integrator from VcT for a fixed period of time at a rate determined by the value of the unknown voltage input. Then 
the capacitor is discharged at a fixed rate (determined by the reference voltage) back to VcT where the discharge time 
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1). 








Vitt 
Vcx = VcT — Charge (1) 
Rx Cx 
Vref t2 
Vet = Vex - ji 
Rx Ox Discharge (2) 
Combining equations 1 and 2 results in: 
VI t2 
SS (3) 
Vref 15 | | 


where: 


VcT = Comparator (offset) threshold voltage 

Vcx = Voltage change across Cx during ty and during t2 (equal in magnitude) 
V| = Average value of input voltage during ty 
t1 = Time period over which unknown voltage is integrated 


t2 = Unknown time period over which a known reference voltage is integrated. 


Equation 3 illustrates the major advantages of a dual-slope converter: 
a. Accuracy is not dependent on absolute values of ty and t2, but is dependent on their ratios. Long-term clock 
frequency variations will not affect the accuracy. 
b. Offset values, VCT, are not important. 


The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement cycle into three 
phases. The BCD counter changes at a rate equal to one-half the oscillator frequency. 


auto-zero phase 


The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels to inputs A 
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous 
conversions are made. However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a 
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected. 
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on 
reference capacitor Cref¢, comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and 
. integrator offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is 


characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and d-c shifted by 
the level shifter. 


integrate-input phase 


The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both contro! inputs to 
initiate the integrate-input phase. The integrator charges Cx fora fixed time of 10,000 BCD counts at a rate determined 
by the input voltage. Note that during this phase, the analog inputs see only the high impedance of the noninverting 


operational amplifier input. Therefore, the integrator responds only to the difference between the analog input terminals, 
thus providing true differential inputs. 
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integrate-reference phase 


Ata BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase is 
begun by sampling the comparator output. If the comparator output is low corresponding to a negative average analog 
input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the reference 

voltage stored on Cref to the buffer. If the comparator output is high corresponding to a positive input, inputs A 
and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the buffer. In 

either case, the processor automatically selects the proper logic state to cause the integrator to ramp back toward zero 

at a rate proportional to the reference voltage. The time required to return to zero is measured by the counter in the 

digital processor. The phase is terminated when the integrator output crosses zero and the counter contents are 

transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When 
activated, the over-range indication blands all but the most significant digit and sign. 


Seventeen parallel bits (4 1/2 digits) of information are strobed into the buffer register at the end of the integrate-input 
phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-segment drivers 
(TL502C) at a rate equal to the oscillator frequency divided by 400. 


BCD COUNTER VALUES 


20,000 30,000 0 20,000 30,000 0 20,000 


l | | 
' AUTO ZERO INTEGRATE| INTEGRATE 


AUTO ZERO! INTEGRATE 
|  {NPUT REFERENCE 


INPUT 


INTEGRATE 
REFERENCE 


] 
| 
| 
| 
| 
| 


Vipin 1)? Vipin 2) 
(POSITIVE ANALOG VOLTAGE) 


INTEGRATOR * 
OUTPUT 









w (pin 1) < Vipin 2) 
(NEGATIVE ANALOG VOLTAGE) 
| 


—~ en os ome ae oe ee oe 
— ~~ oe ew eee eee ee ee 


COMPARATOR 





2 : 
| | 
| 
| | | | 
CONTROL A i een 
i I | 
! | | 
: | . ! j 
| | | | | | | | | 
CONTROL B Dee a ee ov 
| 
| 


| ! 
So 


| | 
(Nf ™ KRKXKXKKKAK A 


\ 
So OT EMEC 




















TRIGGER 










“This step is the voltage at pin 2 with respect to analog ground. 


FIGURE 1—VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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OSE 


GaLVYOdUOONI 
SLNAWNUAULSNI SVXAL 


G9ZSZ SVX3L‘SVTIVG @ ZL0SZZ2 XO8 391440 LSOd 


‘tL 


ANALOG PROCESSOR DIGITAL PROCESSOR 
TL500 OR TL501 TL502 OR TL503 (See Note a) 


Sa a 


Cx 

Rx DIVIDE | 

; OSCILLATOR BCD 
OUTPUT OUTPUT 2 i 
[ I 
| 
BUFFER : 
REGISTER 
| 
| 
| 
i 
| 
{ 


hss ene 








COMPARATOR | COMPARATOR | 
ie OUTPUT INPUT 
- é 
e 





SI O 
avatog bo” A 
al a INTEGRATOR " 
ANALOG A  b [ , 
INPUT 2 i SIGN 
$10 | BIT 
(18) LEVEL 
e SHIFTER I Bese s | MULTIPLEXER 
Cz CONTROLA ; 
(17) INPUT _OUTPUT. 4 
(7) = s6 
e 


e —C) 
ANALOG SWITCH 
INPUT OUTPUT, eines 
{TL503C ONLY) 


Cref 













| 
REF IN SEVEN-SEGMENT 
IT-ENABLE 
REF OUT P ORIVERS a SECODER OUTPUTS 
—-—-- (TL502C ONLY) 






AND DRIVERS 








REFERENCE 
VOLTAGE 


| { } 
(en a a ee 


5 
ANALOG DIGITAL DIGIT-ENABLE COMMON 
GROUND COMMON OUTPUTS 


NOTE a. Pin 18 of the TL502 provides an output of foc, (oscillator frequency) + 20,000. 


FIGURE 2— BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER 
USING TL500C OR TL501C AND TL502C OR TFLS503C 


ANALOG CONTROLS ANALOG SWITCHES 
INPUT COMPARATOR A ANDB CLOSED 
Hold® xX Oscillation $3, $4, $7, S9, S10 
Integrate | Positive | =H | ps2 


, 
H 
H H 
Input 
Integrate $3, $6, $7 
Reference pet CU S38, 85,88 


H = High, L=Low, X = Irrelevant 







*If the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal 
the digital processor to continue or resume normal operation. 
tThis is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 


JEOSTL NUYHL DOOSTL SAdAl 


SHI019 JNIGIIAG YILYIANOD-1VLISIC-OL-SOTVNY 
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description of analog processors POA LANGANE PACERS 
The TL500C and TLS501C analog processors are 
designed to automatically compensate for internal 
zero offsets, integrate a differential voltage at the ANALOG 
analog inputs, integrate a voltage at the reference ees 
input tn the opposite direction, and provide an 
indication of zero-voltage crossing. The external con- 
trol mechanism may be a microcomputer and soft- 
ware routine, discrete logic, or a TL502C or TL503C 
controller. The TL500C and TL501C are designed 
primarily for simple, cost-effective, dual-slope analog- 
to-digital converters. Both devices feature true 
differential analog inputs, high input impedance, errr 
and an internal reference-voltage source. The TL500C OUTPUT 
provides 4 1/2-digit readout accuracy when used with 
a precision external reference voltage. The TL501C 
provides 100-ppm linearity error and 3 1/2-digit BIGITAL 
accuracy capability. These devices are manufactured Nes 
using Tl’s advanced technology to produce JFET, CONTROL A COMPARATOR 
MOSFET, and bipolar devices on the same chip. The aad Tenge 
TLS500C and TLS501C are intended for operation over 
the temperature range of O°C to 70°C. 


INPUT 2 


INTEGRATOR 





schematics of inputs and outputs 


CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT 





DIGITAL 
COMMON 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Positive supply voltage, VCC+(see Note 1) . 2... ww we ee ee ee ee ee ee we HIB 


Negative supply voltage, VCcC-— ww wk ee tw ee kt tte ee!) 6 IBV 
Input voltage, Vj} . . 1 . ee ee Bote Ces Bi aes “Bo es ese do i ee de ea ek es . tV¥cc 
Comparator output voltage range (see Note 2) Ue tags. Pista: Gr cee osth, Sak eh. Mer, Shy. Gas Medes + a as ee? ae 0 V i Vcc+ 
Comparator output sink current (see Note2) ..... be yee ee Ge UR Spe Ve ook teak SE Wt Ta? AO at Sk ONIN 
Buffer, reference, or integrator output Source current (see Note 2) Be ° os oe BP The a cic oe ie we IX Ss Gea ee & . TOMA 
Operating free-air temperature range . 2 1. wk ke ee ee ee ee ee ee ee we) 640°C to 85°C 
Storage temperature range 2. ww kw ee ee ee ee ee ee ee BEES to 125°C 


NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground and digital common pins tied together, 
2. Buffer, integrator, and comparator outputs are not short-circuit protected. 
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recommended operating conditions 






12 15 


UNIT 





Positive supply voltage, Vcc+ 
Negative supply voltage, Vcc— 
Reference input voltage, Vreg(I) 
Analog input voltage, V} 














Differential analog input voltage, Vip 

Peak positive integrator output voltage, Von4+ 
Peak negative integrator output voltage, Vony— 
Full scale input voltage 2 Vre 
Autozero and reference capacitors, Cz and Cra¢ 


Integrator capacitor, Cx 


oO ~J 
+ 
3 3) ol ol o 


Integrator resistor, Rx 
Integrator time constant, RxCx 


kn 
See Note 3 


Free-air operating temperature, TA 


me hore aa as 4 1/2 Digits 
aximum conversion rate {see Figure 31/2 Digits 


system electrical characteristics at Vcc = +12 V, TA = 25°C (unless otherwise noted) ‘see Figure 3 


PARAMETER TEST CONDITIONS cee Masia 
MIN TYP MAX | MIN TYP MAX 


gem ener 7 30 anes 
Linearity error relative to fullscale «| —SCSC~C~C~S~S~sSCT S005 | —_—wWOT0.005] 
Full sale temperature coetficien’ | ‘Ta=@ewie | 6 _—is 
[Temperature coefficient of zeroevor | Ta=Oew7e | 4 ~~ PC 





conv/sec 















TRolovereror SS PSSSC*dCSCSCSC~*«OO «OO 
[Equivalent peakcto-peak Input note voltage | ——SSCSC~i SSCS 
[Analog inputresistance ——S*dtCSPintor@ «SCC 
[Common-mode relectionatio___—=«dY‘Wig=-1veoriv | ia 
[Current into enaloginput——~—SS~C=~iCSs eT COCS 

a 


uv 
% 
| HVAC | 
[Supply vottagereiecton ratio | = 


NOTE 3. The minimum Integrator time constant may be found by use of the following formula: 


Vip(full scale) t4 
Minimum RxCyx = 
Vom— — Vilpin 2) 
where 
Vip = voltage at pin 1 with respect to pin 2 
Vi (pin 2) = voltage at pin 2 with respect to analog ground 


t, = input integration time seconds 


pwr aa ES NEE IE IS I TTT Le ON a TE TR I I NIE aE LD ST Et RR SD 
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electrical characteristics at VCC = +12 V, Vref = 1 V, TA = 25°C, see Figure 3 


integrator and buffer operational amplifiers 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS 


[Vig tputottetvolage iP SSSCiSC Bm 
ae Sag 
V 
V 










Vows Positive output voltageswing | ——S—~—~—SSCSCSCSC“‘CSC‘~C~rdS TC? 
Vom— _Negetive ouput voltage swing | —=SSSCSCS~—~CSCSCSCSCSCSCSCSCSi 
Avp Voltage amplification Be oe 











By Unity-gain bandwidth 
CMRR Common mode rejection Vic=—1Vtot1V 


SR___ Output slew rate ee eae ee ee 
comparator | 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS 

ie tnput bias current OCS 
V 

nA 












m 
Avp___ Voltage amplification ae ares eee 
VOL Low-level output voltage loL = 1.6 mA 200 400 
lOH High-level output current VoH=3V' a 


voltage reference output 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS 
Vreflo) _ Reference voltage [eee NOSE 


Reference-voltage temperature 
coefficient 





















lo Reference output resistance 


logic control section 





PARAMETER TEST CONDITIONS MIN TYP MAX NITS 






Vin Highevelinputvorge fT 
Vi, _Lowlevel inputvoltage [SSS 
=40_=300 








He Low-level input current 


total device 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS 
Icc+ Positive supply current ee ee 
Icc—__ Negative supply current oe 
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PARAMETER MEASUREMENT INFORMATION 


Rx Cx DS V 
2k2 


COMPARATOR 
OUTPUT Cy = 1pF polypropylene capacitor 


Te 
Ry = 27kQ 











100 kQ 
ANALOG INPUTS 


CONTROLLER 


Vec=t12V 
ty = 100 ms 
Cz = Cre¢= 1 UF film-dielectric capacitor 





Vref = 1.000 V 
PRECISION 
VOLTAGE si ee 
SOURCE Tests are started approximately 





5 seconds after power on. 


FIGURE 3—TEST CIRCUIT CONFIGURATION 


external-component selection guide 


The autozero capacitor Cz and reference capacitor Cre should be within the recommended range of operating 
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors 
provide acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively high 
leakage characteristics. 


The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and 
low dielectric absorbtion. A polypropylene-dielectric capacitor similar to TRW’s X363UW is recommended for 
4 1/2-digit accuracy. For 3 1/2-digit applications, polyester, polycarbonate, and other film dielectrics are usually 
suitable. Ceramic and electrolylic capacitors are not recommended. 


Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 13, 1, 2, 15) 
must be minimized to avoid oscillations, In addition, all power supply pins should be bypassed at the package. 


Analog and digital common are internally isolated and may be at different potentials. Digital common can be within 
4 volts of positive or negative supply with the logic decode still functioning properly. 
The time constant RxC x should be kept as near the minimum value as possible and is given by the formula: 


Vip (full scale) t4 


Minimum RyCy = ——————_ 
aa VoOM— — V{(pin 2) 


where: 


Vip(full scale) = Voltage on pin 1 with respect to pin 2 
t1 = Input integration time in seconds 


Vi(pin 2) = Voltage on pin 2 with respect to analog ground 
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description of digital processors 


The TL502C and TL503C are control logic devices 
designed to complement the TL500C and TL501C 
analog processors. They feature interdigit blanking, 
over-range blanking, an internal oscillator, and a fast 
display scan rate. The internal-oscillator input is a 
Schmitt trigger circuit that can be driven by an 
external clock pulse or provide its own time base 


TYPES TL502C, TL503C 
DIGITAL PROCECSSORS 


fect eS RP TT Nm a aN ee 


N DUAL-IN-LINE PACKAGE 


TL502C 


CONTROL B 
OUTPUT 


DIGIT 1 CONTROL A 
{LSB) OUTPUT 


l 
piair 2| 3 | 
1 


OSCILLATOR 
INPUT 


1 
16 | TRIGGER 
5 


COMPARATOR 


with the addition of a capacitor. The typical oscillator ‘Risa oupcieel NeUr 
frequency is 240 kHz with a 470-picofarad capacitor 
connected between the oscillator input and ground. 


The TL502C provides seven-segment-display output 
drivers capable of sinking 100 milliamperes and 
compatible with popular common-anode displays. 
The TL503C has four BCD output drivers capable of 


100-milliampere sink currents. The code (see next TL503C 

page and Figure 4) for each digit is multiplexed to the 

output drivers in phase with a pulse on the appropriate patil Vcc 
digit-enable line at a digit rate equal to fos divided er aa 
by 400. Each digit-enable output is capable of sinking (LSB) OUTPUT 


20 milliamperes. OSCILLATOR 


DIGIT 2 INPUT 


The comparator input of each device, in addition to TRIGGER 
monitoring the output of the zero-crossing detector 
in the analog processor, may be used in the display 
test mode to check for wiring and display faults. A DIGITS 
high logic level at the trigger input starts the integrate- May 
input phase and, in combination with the comparator 
input, can provide a system clear function to reset 
the display output to zero and restart the conversion 
cycle at the auto-zero phase. 


DIGIT 4 COMPARATOR 





These devices are manufactured using !2L and bipolar 
techniques. The TL502C and TL503C are intended 
for operation from O°C to 70°C. 


TABLE OF SPECIAL FUNCTIONS 
Vcc =5 V +10% 


COMPARATOR 
FUNCTION 
INPUT 
V); <6.5V Hold at auto-zero cycle after completion of conversion 
V,<6.5V Normal operation (continuous conversion) 
V;<6.5V V,;27.9V Display Test: All segment or BCD outputs high 
Vib 79V Vi<65V 


Both inputs go high (V; > 2 V) System clear: Sets outputs to zero and BCD counter to 20,000. 
When normal operation is resumed, cycle begins with Auto Zero. 


simultaneously 








TRIGGER 
INPUT 
Vi; <0.8V 


2V<V)<6.5V 
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DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 


TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 
+ 


1 
L 
L 
H 
H 






> 
wo 


= ane 

rst 
Ijre xr] a 
xrtiery m 
Zirtirr| 7 
Selee 7) 
, x<=xzjo 
rr]? 
xr rj/zr TIN 












DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 


TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 
Q3 a2 Q1 Qo 








Cire tir erlt er] > 
Iric rie c| @ 

rele rie ele zle elo 
rerltere|r fir rjtr| o 
Irjterl|/ro crirtr|rir; m 
re rlcocer(|e clic rit er| 7 
rFrpcryr rye cyt tl 
i 


oe oy 
rr 


[7 


crjyco cies 

ml[xo rit rir rir cy 
rolco tye cyt rir ri{KN 
rejtrjtriztrictrt|-= 





- 


= 
Sie 





H = high level, L = low level 


schematics of inputs and outputs 
















SEGMENT DRIVERS—TLS502C 
BCD DRIVERS—TL503C 


Vee~ 5 
7502 
Sete OUTPUT 
5k 
COMMON — — — 


DIGIT-ENABLE OUTPUTS 





COMPARATOR AND TRIGGER INPUT 


=>NGG 
TEST OR 
SYSTEM 
CLEAR 


_—_—— 
ere 


















INPUT 


——COMMON 


CONTROL A AND B OUTPUTS 


OUTPUT 


COMMON--—- — — 
*Shorted on TL503C 
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absolute maximum ratings 
| Supply voltage, Voc wwe Noreg) 


il 
Oscillator 


7 
BCD or Segment drivers a -: ee 
Output current Digit-enable outputs ar 
Pin 18 (TL502C only) ae ae 
| -65t0150 | °C | 


























Total power dissipation at {or below) 30°C free-air temperature (see Note 5) 
Operating free-air temperature range 
Storage temperature range 





NOTES: 4. Voltage values are with respect to the network ground terminal, 
5. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mw/c, 


recommended operating conditions 


| MIN NOM MAX | U 


2 
+ 


Supply voltage, Vcc 
High-level input voltage, ViH 
Low-level input voltage, Vit Comparator and trigger inputs 


Operating free-air temperature 


electrical characteristics at 25°C free-air temperature 


TLSO02 
PARAMETER TERMINAL TEST CONDITIONS = 
MIN TYP MAX 


Veg=45V, y=stamA | -08 1.6 
Vie Positivegoing input threshold vottage [Oscillator [Vcg=eV._ Sid Std 
Vr—___Negative-going input threshold voltage[Oscillator ‘| Vec=8V_———«iT_——=—i 
Vrs —Vr= Hysteresis [Oxciliator ___'|Vcc=5V——~—~S~«dSCi 0B] 0M 06 08 


Input current at positive-going 
1 Oscillator Vv Vv -~40 ~-94 -100] -40 -94 —100 
Input current at negative-goin 
IT me ations Vec=5V 40 117 170| -40 117° 170 
input threshold voltage 
4.4 


J 
oO 
EEE 








TL503C 
















LA 


uA 





High-leve! output voltage Pin 18 (TL502C onty) 


Control A and B 


Digit enable loL=20mA{ ssid 
Pin 18 (TL502C only) lor=10mA{  —s 0.15 0.4 | 






Vcc =4.5V, IoH = 9 4.4 


VOL Low-level output voltage 0.088 0.4 


Control A and B Vcc =4.5V [lot =2mA 0.088 
Segment drivers lot = 100mA 0.17 3 
BCD drivers lot = 100 mA, 


0.17 


Gece Geen 


Oscillator, Comparator. 
IH High-level input current . Veco 75.5V, Vlp=2.4V 

Trigger 

Oscillator —0.1 —0.17 —0.1 —0.17 
| Low-level input volt Oscillator Veco =5.5V, V)=0.4V 


Vo=O5V 
Pin 18 (TLS502C only) Vo=05V | -05 —09 
2 


High-level output current 
: : Control A and B Vec=45V[Vo=05V |-0.25 04 | 
(Output transistor off) 
Segment drivers Vo=55V | 025 
BCD drivers Vo=55V [| 


0.4 
0. 
1 =1, 
lon ones! atueeouent Digit enable Vee = 4.5, Vo = 3.55 V 
lec Supply current Vcc =5.5V 73° 110 73°«4114 


special functions§8 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


| mA | 


3 


3 


3 | = 
nae > < < <j</<}<| 2 
- 


S 
to 
> 


Oo 








' Input current into Vec755V, V,=8.55V 
comparator or trigger inputs Vcc =5.5V, Vv, =6.25V 


Sthe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 
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TYPES TL502C, TL503C 
DIGITAL PROCECSSORS 





TYPICAL APPLICATION DATA 


16.7 us 
316.7 us 
D4 | [ 


FIGURE 4—TL502C, TLS03C DIGIT TIMING WITH 240-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 


D1 


--==4-- 


D2 


This 4%-digit thermistor thermometer application will indicate the temperature inside a deep freeze, solution temperature 
in a darkroom, or any other temperature measureable with a thermistor. However, to ensure accuracy to 4% digits, an 
external precision reference and a very stable external oscillator should be used. The external oscillator could be crystal- 


controlled or stabilized with a phase-locked loop. For 3%-digit accuracy. The TL500C internal reference and the 
TL502C internal oscillator are sufficient. 


















TO STABLE 
OSCILLATOR eV 
5 
A5T4028 ve 
Ry Cx TRANSISTORS 
68kQ 0.33 uF 
4.7kQ Bake, 
a= ba aoe oe oe a 
REF IN put po ot} 
COMP DIGIT Jp3 4 | N\A 
ANALOG 1 OpTEUTY PoOMe. “ENABLE Dad — —— FAL 
{ 05 O 
ANALOG 2 H = i US 


= A 
oe A OUTPUT B 
A INPUT g—__4 ___4 
visto ! privens | 
C2 ; B OUTPUT G 


ie Calarte ; aie = 
{ a #1 SLL Eh | 


I. 
= TIL330A 


Low Q000000 
ae 


————— 


4 (a) For °C set to 0.153 Vref 
(b) For °F set to 0.085 Vres 


TiL321A(4) 
2 (a) For °C set to 0.258 Vros 


(b) For °F set to 0.231 Vros 


FIGURE 5—4 1/2-DIGIT THERMISTOR THERMOMETER 
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LINEAR TYPE TL505C 
INTEGRATED | ANALOG-TO-DIGITAL CONVERTER 


Cl RCU ITS BULLETIN NO. OL-S 12580, OCTOBER 1977 





N DUAL-IN-LINE 


© 3-Digit Accuracy (0.1%) oP ae 
e Automatic Zero Vee @ ee aoe 
e Internal Reference Voltage 
ANALOG INPUT (2) (3) ZERO CAP 1 
e Single-Supply Operation 
REF OUTPUT (3) G2) INTEGRATOR RES 
e High-Ilmpedance MOS Input 
; REF INPUT () (1) INTEGRATOR IN 

e Designed for use with TMS 1000 Type 

Microprocessors for Cost-Effective GND (5) INTEGRATOR OUT 

High-Volume Applications aes G) (2) GND 
e BI-MOS Technology eacaee @) SoeKRMa ROUT 
@ Only 40 mW Typical Power Consumption 

description 


functional block diagram. 
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The TL505C is an analog-to-digital converter building block designed for use with TMS 1000 type microprocessors. It 
contains the analog elements (operational amplifier, comparator, voltage reference, analog switches, and switch drivers) 
necessary for a unipolar automatic-zeroing dual-slope converter. The logic for the dual-slope conversion can be 
performed by the associated MPU as a software routine or it can be implemented with other components such as the 
TL502 logic-contro! device. 


The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration and offset 
Capacitors and permit conversion speeds from 20 per second to 0.05 per second. 


The TL505C is a product of T!’s BI-MOS process, which incorporates bipolar and MOSFET transistors on the same 
. . o 
monolithic integrated circuit. The TL505C is characterized for operation from O°C to 70°C. 


VOLTAGE LOGIC DECODE 


REFERENCE AND 
SWITCH DRIVERS 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote 1) 6 1 ww we ee ee ee ee ee ee 1B 
Input voltage; pifis 2,4, 60nd 7 oe eS a ve a A Bee a a NOE Or we oe eae VOR 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ......... =. . 9OOmW 
Operating free-air temperature range. 1 1 we et ee ee ee ee OPC tO 70°C 
Storage temperature range se up th tay cl GR. vgs Webs WR ake ick) ho tes Eee Dk gi det Be aa. 2 Ae OB C0 150-C 


NOTES: 1. Voltage values are with respect to the two ground terminals connected together. 


2. For operation above 25°C free-air temperature, derate linearly from 900 mW at 52°C to 736 mW at 70°C at the rate of 
9.2 mw/°C, 


recommended operating conditions 
MIN NOM MAX [| UNIT 














[Analog input voliage, Vp—SSCSSCSCSC~C“‘“*S*s*‘“*“‘“‘“<C 
[Reference input voltepe, Vigil) SSS 
integrator eastor, Ax, SSCS SC 
integration time, ty 8 B00 ms | 
0 70 


electrical characteristics, Vcc = 9 V, Vref(1) = 1 V, TA = 25°C, connected as shown in figure 1 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Vi___Lowlevel input voltage atAorB | ——SsSs—SSC‘“‘“‘“‘<;<;< tT 
M 








| 
) ; 
1OH High-level output current at pin 8 VoH=7.5V a eee ee 
Maxi eak output voltage 
Vo piven : Rx >500k2 Vece-2. Vec—1 
swing at integrator Output 
Temperature coefficient of 2 z 
‘ Ta =0°C to 70°C £100 ppm/°C 
reference output voltage 
11H High-level input current into A or B Vi=9V Po 0 PA 
NL Low-level input current intoAorB] V,=1V P10 2000 
T Current into analog input Vi =O0to4 V, A input at 0 V +10 +200 







system electrical characteristics, Vcc = 9 V, Vref(l) = 1V, TA = 25° C, connected as shown in figure 1 
(unless otherwise noted) 


Perce SCSC—C I CSCSC~—sSSCSC i 
CLinearityerorCSC~C—~‘“—s‘“‘“s‘“s‘“‘s*‘“C SOC 
jase 4.000 1002 |_| 


Temperature coefficient of V constant and = 1 V, 
per r > ten raft) 0 aay +10 ppm/°C 
ratiometric reading Ta =O Cto70C 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 





DEFINITION OF TERMS 
Zero Error 


The intercept (b) of the analog-to-digital converter-system transfer function y = mx +b, where y is the digital output, x 
is the analog input, and m is the slope of the transfer function, which is approximated by the ratiometric reading. 


Linearity Error 
The maximum magnitude of the deviation from a straight line between the end points of the transfer function. 


Ratiometric Reading 


The ratio of negative integration time (t2) to positive integration time (t7). 





PRINCIPLES OF OPERATION 


A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in a modified 
Positive-integration three-step dual-slope conversion mode. The A/D converter waveforms during the conversion process 
are illustrated in Figure 2. 


p> 


MPU 


CONTROLLER 


10 kQ 
a 10 


LOGIC DECODE 0 
om [le oe 
SWITCH DRIVERS |8_4 
Tis) E09) 


FIGURE 1—FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 








INTEGRATOR 


COMPARATOR TT € 
oureut —WANAAAITTTIN MTA 








V1= V2 —V3= Vi + Vo(ofs) 


FIGURE 2—CONVERSION PROCESS TIMING DIAGRAMS 
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PRINCIPLES OF OPERATION 


The first step of the conversion cycle is the auto-zero period tg during which the integrator offset is stored inthe 
auto-zero Capacitor and the offset of the comparator is stored in the integrator capacitor. To accomplish this, the MPU 
takes the A and B inputs both low. This is decoded by the switch drivers, which close Sj and $2. The output of the 
comparator is connected to the input of the integrator through the low-pass filter consisting of Rz and Cz. The closed 
loop of Al and A2 will seek a null condition where the offsets of the integrator and comparator are stored in CZ and 
Cx, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator. 
The purpose of S9B is to shorten the amount of time required to reach the null condition. 


At the conclusion of to, the MPU takes the A and B inputs both high. This closes $3 and turns all other switches off. 
The input signal Vj is applied to the noninverting input of Al through Cz. Vj] is then positively integrated by A1. Since 
the offset of Al is stored in Cz,the change in voltage across Cx wil! be due to only the input voltage. It should be 
noted that since the input is integrated in a positive integration during t1, the output of Ai will be the sum of the input 
voltage, the integral of the input voltage, and the comparator offset, as shown in Figure 2. The change in voltage across 
capacitor Cx (Vc x) during t1 is given by 


Vit 
AV = Il (1) 
CX(1) 
R, Cy 





where Rj = Rx + RS3p and 


Rs3p is the resistance of switch S3p. 


At the end of t1 the MPU takes the A input low and the B input high. This turns on $1 and Sq; all other switches are 
turned off. In this state the reference is integrated by A1 in a negative sense until the integrator output reaches the 
comparator threshold. At this point the comparator output goes high. This change in state is sensed by the MPU, which 
terminates tg by again taking the A and B inputs both low. During ta the change in voltage across Cx is given by 

Viet tg 


AV = (2) 
CX (2) 
Ro Cy 





where Ro = Rx + Rog + Rref and 


Rref is the equivalent resistance of the reference divider. 


Since AVex4 = AVex2. equations (1) and (2) can be combined to give 
R,:t 
- 1 ‘2 
Vy - Vref a. ht. (3) 
2 ‘1 
This equation is a variation on the ideal dual-slope equation, which is 
= t 
Vy 7 Vref me (4) 
1 
Ideally then, the ratio of R4/R2 would be exactly equal to one. In a typical TL505C system where Rx = 1 MQ, the 


scaling error introduced by the difference in R31 and R@ is so small that it can be neglected, and equation (3) reduces to 
(4). 
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TYPICAL APPLICATION DATA 


There are a wide variety of applications for the 
TL505C to convert signals to a more useful form 
from high-impedance sources; appliance controls; 
weight-scales; and temperature-, light-, or moisture- 
sensitive transducers. 


The TL505C can be used with the TL502, discrete 
logic, or with an MPU controller that has the control 
algorithm implemented in software. Figure 3 is a 
generalized flow chart for any type of TL505C logic 
controller. The TL505C will directly interface with 
the TL502 as shown in Figure 4. The sign output 
of the TL502 will be negative and should be ignored. 


When used with the TMS 1000 microprocessor as 
illustrated in Figure 5, a 3-digit BCD conversion can 
be accomplished in about 500 ms. This combination 
is especially useful in applications that do not require 
fast updates such as temperature controllers or weight 
scales. The computing power of the TMS 1000 can be 
used to linearize responses from nonlinear transducers 
such as thermistors and to make control decisions. 
Both the TMS 1000 and TL505C can operate from a 
single 7- to 15-V supply making them ideally suited 
for battery operation. 


The TL505C can be used with the TMS 8080 
microprocessor for either binary or BCD conversion. 
Figure 7 shows a generalized system using the TL505C 
and TMS 8080. 


OV 
R 
e 6 
ANALOG 
INPUT SIGNAL OUT 
COMP 7 
TLSO5C 
Cz 





LOGIC 
CONTROL LINES 





GND OSC 








SET AB = LL 





SET AB= HH 
DELAY ty 


SET AB = LH 
SET tg COUNTER 
TO 000 


DELAY 1/2 COUNT 
CHECK 
COMPARATOR LEVEL 


SET OVER- 
RANGE FLAG 


YES 


t2 
OVER-RANGE 
? 


INCREMENT 
tz COUNTER 
























DELAY 
1 COUNT 






YES 
ANSWER iN 
tz COUNTER 


FIGURE 3—TL505C LOGIC CONTROL FLOW CHART 





5V 


TL502 


SEGMENT DRIVE 


682 








FULL SCALE 
= ADJUST = TIL312 
FIGURE 4—TL505C AND TL502 INPUT TO A 3-DIGIT DISPLAY APPLICATION 
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TYPICAL APPLICATION DATA 


9V 









ANALOG 
INPUT 


SIGNAL OUT 


TMS 1000 


C 
Z SERIES 


SEGMENT 


DRIVE 
DIGIT 


DRIVE 






TIL312 LED 
DISPLAYS 


FULL-SCALE 
ADJUST 


NOTE 3: Connect to either +9 V or O V depending on which device in the TMS 1000 serles Is used and how it is programmed. 


FIGURE 5—TLSO5C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR 
FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION 


12V 5V 





562 1N914 
FROM 
8 2 0.5 
AUDIO 
SYSTEM ye ac id 
6.8 uF 
SEGMENT 
TIL807 
FIGURE 6—AUDIO POWER METER 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 





TYPICAL APPLICATION DATA 


RAM 


LY LAE 


ADDRESS 


ANALOG 
INPUT 


TMS 8080 


TMS 5501 











FIGURE 7—TL505C WITH INTERFACE AND CONTROL OF A TMS 8080 MICROPROCESSOR 


component selection ;6 


When the desired conversion speed and conversion contro! method have been selected, the passive components can be 
selected. The capacitor for the auto zero, Cz, is not critical and can be any value greater than 0.15 wF. The only 
restriction on this part is that it should not have high leakage. Almost any film capacitor and most tantalum 
electrolytics are suitable. Ceramic and aluminum capacitors are not recommended. 





The integrator capacitor should be a film capacitor. Good results have been obtained at the specified system accuracy 
for all film capacitors tried, including polycarbonate, polyester, and polypropylene capacitors. Electrolytic and ceramic 
Capacitors are not suitable because of their high dielectric absorption characteristics. The absolute value of Cx should 
be consistent with the equation 


e V jmax * ty 
where V | max is the most positive analog signal to be encountered in the specific application. 


This equation gives the maximum integrator output swing without saturating the integrator. A large integrator output 
swing is desired for best system performance. 


The resistor used for RX is not critical in either absolute value or tolerance. The value should be selected per the 
guidelines given under ‘‘Recommended Operating Conditions” and the equation above. 


The input source resistance to pin 4 should be 2 kilohms or less. This ensures good operation with equation (4) as 
discussed on page 4. 
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TYPICAL APPLICATION DATA 


design example 


Figure 8 is a schematic of a position indication and control system that uses a precision potentiometer to convert a 
mechanical displacement to an electrical signal. Note the following features of this system: 


° The output of the potentiometer is connected directly to the input of the TL505C. Since the TL505C 
input impedance is so high (1011 Q typically) the TL505C does not load the potentiometer. 


° e The reference output of the TL505C is connected directly to the reference input of the TL505C and also 
to the position potentiometer. In this application, the variable being measured is the voltage at the wiper of 
R41, which is a fraction N (directly related to the potentiometer position) of the reference voltage. Recalling 
equation (4) from the “‘Principles of Operation’ and plugging in N * Vre¢ for Vy, we have 


t t 
j z 2 at a 
N Vf Veer a or N = 
1 1 


Thus the absolute value of Vref is not critical as long as it is stable during a conversion cycle. Long-term 
changes in Vref due to time and temperature will have no effect on the accuracy of the system. 


e The TL505C communicates with the TMS 1000 via the R8 and RQ digit outputs and the K8 input. The R 
outputs are latched outputs from the TMS 1000. Since the R outputs are open sources, pullups for the A 
and B inputs provided by Ra and R3 are required. 


® A 4-digit LED display is driven directly by the TMS 1000. The information displayed by the system is 
program dependent and can be either the value N or some arbitrary function of N, such as the arcsin (N). 


e The TMS 1000 has three K inputs and three R outputs available for contro! purposes such as monitoring 
limit switches or controlling valve positions. 


15 V 












SEE NOTE 4 


20 kQ 
R3 


DIGITS 





REF Vcc 
OUT COMP 


REF 
IN 


4-DIGIT 
LED 


DISPLAY 





TMS 1000 
SEGMENTS 








100 k& ANALOG 
Baeinich INPUT TLS505C 
INPUT 
*R CONTROL 
INPUTS 
Cz _ 


0.22 uF “OPTIONAL VALUE 20k22 to 50 kQ = 
NOTE 4: Connect to either +15 V or depending on which device in the TMS 1000 series is used and how it is programmed, 


FIGURE 8—TL505C SYSTEM FOR POSITION INDICATION AND CONTROL 
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Low Cost 
e 7-Bit Resolution 

e Guaranteed Monotonicity 

e Ratiometric Conversion 

e Conversion Speed... approximately 1 ms 


e Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V Vcc2 Input, or 
Regulated 3.5-V to 6-V Vcc Input 


e 12L Technology 
e Power Consumption at5 V...25 mW Typ 


description 


The TL507C is a_ single-slope analog-to-digital 
converter designed for use with TMS 1000 type 
microprocessors. It contains a 7-bit synchronous 
counter, a binary weighted resistor ladder network, 
an operational amplifier, two comparators, a buffer 
amplifier, an internal regulator, and necessary logic 
circuitry. Integrated-injection logic (12L) technology 
makes it possible to offer this complex circuit at low 
cost in a small dual-in-line 8-pin package. 


In continuous operation, it is possible to obtain 
conversion speeds up to 1000 per second. The TL507 
requires external signals for clock, reset, and enable. 
Versatility and simplicity of operation coupled with 
low cost, makes this converter especially useful for a 
wide variety of applications. 


The TL507C is characterized for operation from o°C 
to 70°C. 


functional block diagram 


COUNTER 


RESET 
ck LSB 









TYPE TL507C 
ANALOG-TO-DIGITAL CONVERTER 


‘BULLETIN NO, DL-S 12741, OCTOBER 1979 


P DUAL-IN-LINE PACKAGE 
. (TOP VIEW) . 





RESET 


Vcc2 


Vcc1 


ANALOG 
INPUT 





ANALOG Ter 
INPUT CONDITION ASEE 


X | it 

Vi < 200 mV 
Vramp > Vi > 200 mV 
V1 > Vramp 









OUTPUT 
H 
L 
H 
L 


T Low level on enable also inhibits the reset function, 
H = high level, L = low tevel, X = irrelevant 





COMPARATOR 2 


REGULATOR 


Copyright © 1979 by Texas Instruments Incorporated 
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schematics of inputs and outputs 


EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG 
AND RESET INPUTS INPUT INPUT 


Vcc1 


CONSTANT 
CURRENT 
~~ 10 uA 


OUTPUT 


OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote1) 2. 2. 1 1 1 we ee ee ee ee ee tee ee ee we CHV 
Supply Voltage, VGGO -s.<i. aae a, S i eR. Se ew SB Aimee ee BO te Se wees ee - 2OV 
Input voltage at analoginput . . . . 1. 1 1 wwe ee ee ee ee ee ee ee ee ew ee BEV 
Input voltage at enable, clock, and reset inputs . 2... 1. 1 ew ee ee ee eee ee ee ew £20 V 
On-state output Voltage < <<. a4 seca pie A te kde he a ae es Roa A GO @ ee a GS ees a es EV 
Off-state Output-voltage: «2 a a % Hoh, @ wi Ce ww ER ee koe wR we ew em ee a ee & ee 20 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) ......... =. 1000mWw 
Operating free-air temperature range . . . . 1. ee ee ee ee ee ee ee ee ee ee) 60°C to 70°C 
Storage temperaturerange . . . 1. ew ee ee ee ee ee ee ee ee ee eee = 65°C to 150°C 
Lead temperature 1/16 inch (1 ,6 mm) from case for 10 seconds ge hee Santos ce cerraicwhe te oe te oe 2, OBO 


NOTES: 1. Voltage vaiues are with respect to network ground terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, derate linearly at 8 mw/°c. 


recommended operating conditions 


[Supply voltage. Veep | KY 
Input voltage at analog input | oO 85] Vi | 
Input voltage at chip enable, clock, and reset inputs 


On-state output voltage 


ae a gs OO 
Off-state output voltage aaa ie 


Clock frequency, fotock 
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electrical characteristics over recommended operating free-air temperature range, Vcc1 = Vcc2 =5 V 
(unless otherwise noted) 


regulator section 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Vec1 Supply voltage (output) Vec2=12Vt018V, Icci=Oto-t1mA| 5 56 6 | VL 
lcci Supply current Vec1 =5V, Vcc2 open ae ae 5 
'cc2 Supply current Vec2=15V, Vcc1 open 7 


inputs 


PARAMETER TEST CONDITIONS MIN TYP? MAX F UNIT | 
VIH High-level input voltage Reset and 
V 
V 
V 
HA 





















VT+ 





UNIT 
Vib Low-level input voltage | Enable eee ee 
threshold voltage 
: - Z : Clock 
Negative-going 
VT Input 0.4 0.9 1.2 
threshold voltage 


VT+—Vr— _ Hysteresis 











; : Reset, Vip=z24V 17 35 
NH High-level input current 
Enable, and | Vj = 18 V 130 220 8 320 
m Cowlevel input current | Clock #10 
10300 





output section 


PARAMETER TEST CONDITIONS MIN TYP? MAX 





lIOH High-level output current VoH = 18 V | 0100 | BA 
loOL Low-level output current VoL =5.5V | 5 10,15 | mA | 
VOL Low-level output voltage loL=1.6 mA . 80 400 





PARAMETER TEST CONDITIONS MIN TYP} MAX 
[Reon TOCSY Cd 





ise 
Zero error 280 


Propagation delay time from reset or enable 


FAil typical values are at Tp = 28°C. 


ae eee ee 
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PARAMETER MEASUREMENT INFORMATION 


$N74191 







ANALOG 

DEVICES 
AD562 

of equivalent 





12-BIT 
D/A 
CONVERTER 


FIGURE 1—MONOTONICITY AND NONLINEARITY TEST CIRCUIT 


PRINCIPLES OF OPERATION 





The TL507 is a single-slope analeg-to-digital converter. All sinale-slope converters are basically voltage-to-time or 
current-to-time converters. A study of the functional block diagram shows the versatility of the TL507. 


An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary-weighted 
resistors from the counter are connected to an operational amplifier used as an adder. The operational amplifier 
generates a signal that ramps from 0.75 * Vcc down to 0.25 * Vcc. Comparator 1 compares the ramp signal to the 
analog input signal. Comparator 2 functions as a fault detector. With the analog input voltage in the range 0.25 * Vcc 
to 0.75 * Vcc}, the duty cycle of the output signal is determined by the unknown analog input as shown in Figure 2 


and the Function Table. 
For illustration assume Vcc = 5.12 V, 


0.25 * Vcc = 1.28 V 
(0.75 — 0.25) Vcc} 








1 binary count = = 20 mV 
y 128 
0.75 * Vcc — 1 count = 3.82 V 
The output is an open-collector n-p-n_ transistor San SRY met 
capable of withstanding up to 18 volts in the off RAMP INPUT TO CREEL 
‘ . * COMPARATOR 1 
state. The output is current limited to the 8- to =|--- earn tel 
“99° ———!1,. 

12-milliampere range; however, care must be taken to =e 


ensure that the output does not exceed 5.5 volts in 
the on state. 


OUTPUT FOR 
INPUT LEVEL 1 


The voltage regulator section allows operation from 

either an unregulated 8-to 18-volt Vcc? source or a 

regulated 3.5- to 6-volt Vcc1 source. Regardless of 

which external power source is used, the internal OUTPUT FOR 
. . . INPUT LEVEL 2 

circuitry operates at VCC1. When operating from a 

Vcci1 source, Vcc2 may be connected to Vcc or 


left open. When operating from a Vcc? source, 
Vcci1 can be used as a reference voltage output. FIGURE 2 
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Treanatia TYPE TL560C 
CIRCUITS PRECISION LEVEL DETECTOR 


BULLETIN NO. OL-S 12400, MAY 1976-—REVISED OCTOBER 1979 










e Stable Threshold Level e Threshold Hysteresis 
e Low Input Current 


e Wide Supply Voltage Range 
e High Output Sink Current Capability 


escription 


The TL560C is a precision level detector intended for applications that require a Schmitt-trigger function. The detector 
has excellent voltage and temperature stability and an internal voltage reference for the input threshold level. The 
reference-voltage pin is available for external adjustment of the positive-going threshold voltage level. 


The TLS560C is characterized for operation from 0°C to 70°C. 


schematic 


JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


Vcc NC INPUT NC 





REFERENCE 


Resistor values shown are nomina! and in ohms. 





GND REF NC OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 





input voltage (see NOTE 1) xc. diss sie ced eae eek se Gd aa wR wa a eee, Wa we ee Ge 
Outoutvoltage (she NGtE 1): - seco oi Se aah werent a a ees Ge ee eke ey OE ee eas 
OUTBUT SINK: CUITONE =. a.9 ws tai Sto dese et endo OS 0.E A OS GOS Ee So EA ee Be eS ee ee 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............-00% 800 mW 
Operating free-air temperature range 6. ee tt eee te eee teen e ene 0°C to 70°C 
Storage temperature range 1... we cee cee ee cee ee ee te ee ee ete eeuaee —65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package... 1. eee ee ee ee ees 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package... ww ee ee te es 260°C 
NOTES: 1. 


All voltage values are with respect to the network ground terminal. 


2. For operation above 25°C free-air temperature refer to the Dissipation Derating Table. In the JG package, TL560C chips are 
glass-mounted, 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
PACKAGE 
RATING FACTOR T 


JG (Glass-Mounted Chip) 800 mw 6.6 mwW/C 29°C 


P 800 mW 8.0 mW/C 50°C 





Also see Dissipation Derating Curves, Section 2. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





recommended operating conditions | 
MIN NOM MAX UNIT 


Supply voltage, VCC ww we ee ee ee ee 26 5 7 Vv 
Low-level output current, lor ee ee ee ee ee 48 mA 
Operating free-air temperature, TA 2 1. 2. 1 6 we ee ee ee ee ee 0 70 “c 


electrical characteristics over recommended operating free-air temperature range, Vcc = 5V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VT+ Positive-going threshold voltaget 2.8 3 3.2 


a a ee ot teal 
Ratio of positive-going threshold . 
[Vr—__Negative-going threshotdvottege? | iv 
ane omen | 2 fo 
positive-going threshold voltage 
negative-going threshold voltage ; 
Ue cea tteee ete 
| 020.4 | 






lOloff) Off-state output current 


VoOlon) On-state output voltage 





ICCloff) Supply current, output off (each detector) 
ICClon) 





Vi=4Vv 

Vv, =0, lo = 48 mA 
Vp=H4Vv 

{= 0 


Supply current, output on (each detector) V 





tPositive-going threshold voitage, V7 +, is the input voltage level at which the output changes state as the input voltage is increased. 
+ Negative-going threshold voltage, V7_, is the input voltage leve! at which the output changes state as the input voltage is decreased. 





TYPICAL CHARACTERISTICS 


POSITIVE-GOING THRESHOLD VOLTAGE ON-STATE OUTPUT VOLTAGE 


vs vs 
SUPPLY VOLTAGE ON-STATE OUTPUT CURRENT 


tacavre | | ET Tt 
Fee De a ee 
eis 


ae 
ea 
rele] 
a 
fad 
| 






A 





a 
Ea 
pa 
ea 
ra 
a 


| A 
ie fal 
LA cs 
a i 
ial al 
he i 


VO(on)—OnState Output Voltage—V 





VT+—Positive-Going Threshold Voltege—V 


oO 
2 3 4 5 6 7 0 25 50 75 100 125 150 
Vcoc—Supply Voltage—V IO(on}—On-State Output Current—-mA 
FIGURE 1 FIGURE 2 





TYPICAL APPLICATION DATA 


The TL560C performs the function of a Schmitt-trigger circuit. The logic function is noninverting and has a wide 
hysteresis between the positive-going and negative-going threshold voltage levels (see Figure 3). 


Operation of the TL560C is specified at a Vcc of 5 V, although 2.5-V to 7-V supply operation is possible. The device 
can be used with popular logic systems (such as Series 54/74 TTL) and standard battery voltages. 


Figure 4 is used to illustrate operation of the TL560C circuit. The input stage is a differential amplifier composed of Q1, 
Q2, Q3, and Q4. The input signal is applied at the base of Q1 while the base of Q2 is connected to an internal reference 
voltage determined by resistors R4 and R5 and Vcc; Vref = Vcc * R5/(R4+R5). 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


Vcc 
Vrt+ Cc 5 
INPUT Vr_ RL 
0 4 










Ta = 25°C 





: 

| HYSTERESIS 4 3 fee de Whe cd 
\ ' INPUT OUTPUT 2 3hy 
\ a a) oe 
— Vcc 6 ; b—+— HYSTERESIS +—* 

O° 
REFtT 7 : Reece 
OUTPUT —=VOton) as iit ae se 
0 05 1 15 2 25 3 35 4 


V\—Input Voltage—V 
FIGURE 3—INPUT-OUTPUT TRANSFER FUNCTION 


REFERENCE . 


Vcc 


OUTPUT 





GND 
DIFFERENTIAL HYSTERESIS THRESHOLD OUTPUT 
INPUT (POSITIVE FEEDBACK) REFERENCE | DRIVER 
! AMPLIFIER — | CIRCUIT | CIRCUIT | CIRCUIT 


FIGURE 4—FUNCTIONAL CIRCUIT DIAGRAM 


If the base of Q1 is less positive than the base of Q2, Q2 conducts and causes 04, Q5, Q7, Q8, and the output 
transistor, Q9, to conduct. Transistors Q2 and Q5 share the current in emitter resistor R17. Since Q1 does not conduct, 
Q3 and Q6 do not conduct. There is no base current in Q1, and therefore no current required from the input source. A 
very high input impedance therefore exists. Since Q2 is conducting, a small voltage drop exists across R3 due to Q2 
base current. 


If the input voltage is increased, Q1 does not conduct until the input voltage (base voltage of Q1) approaches the base 
voltage of O2. Current is then switched from the emitters of Q2 and Q5 to the emitter of Q1. Conduction in Q1 causes 
current to flow in Q3 and Q6 which results in additional voltage drop in R3 and therefore a reduction in the base 
voltage of Q2. This positive feedback accelerates switching action and causes conduction to rapidly cease in Q2, Q4, 
Q5, Q7, O8, and the output transistor, Q9. Conduction in Q6 causes the base of Q2 to assume a voltage (approximately 
0.6 V) much lower than the original reference voltage (approximately 3 V). This results in hysteresis between the 
positive-going and negative-going threshold levels. . 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


After switching occurs, the base current of Q1 increases to a somewhat higher value than just below threshold because 
of higher Q1 operating currents. Once the positive-going threshold level (~3 V) has been reached, the input voltage 


‘must be reduced to the negative-going threshold level (~0.6 V) before switching back to the original state will occur. 


Figure 3 illustrates the threshold levels of the TL560C. Because the input current increases after the positive-going 
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source 
resistance. If the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If 
the source resistance is too high, oscillation or periodic switching may occur. 


The positive-going threshold voltage level (V7T+) is guaranteed to be 3.00 + 0.20 volts at a Vcc of 5 V. It is also 
approximately 60% of the supply voltage over the supply voltage range of 2.5 V to 7 V. With a resistor-capacitor 
network as illustrated in Figure 6, a VT+/Vcc ratio of 60% results in a timed interval of approximately RC seconds, 
independent of the Vcc level. Since the input current is nominally 2 nA just below the V7+ level, very large values of 
R and/or large values of C may be used to achieve long-timed intervals. The duration of the timed interval may be 
greatly increased (at the expense of accuracy) by using a P-N-P transistor as shown in Figure 10 in a 
capacitance-multiplication technique. The timed interval is, however, sensitive to variations in the heE of the P-N-P 
transistor. Also for any of the timing applications, very-low-leakage capacitors are necessary for accurate operation. 


The low input current (30 nA maximum for I7T+) and high output sink current (160 mA maximum) make the TL560C 
excellent in applications of interfacing between low-level systems and TTL systems where precision level detection is 
required. The output is capable of sinking up to a maximum of 160 mA with a TTL-compatible on-state voltage of 
0.4 V maximum guaranteed at a sink current of 48 mA. With an appropriate output pull-up resistor 
(R~_ ~2kQ to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accomodated. 


In addition to applications interfacing with TTL systems, the TL560C finds application in driving relays, lamps, 
solenoids, thyristors (SCRs and triacs), and other peripheral devices. 








Vcc Vcc 
R12 Re 
Vo Vo 
R2 
REF 
~ OPEN 
=Vcc 
Output turns off when V) 2 V7 
Output turns on when V) < V7_ OUTPUT 
- R2 
where Vj VeCe as mm VOl(on) 
t= RTCr 
FIGURE 5-BASIC SENSOR CIRCUIT FIGURE 6—BASIC TIMED-INTERVAL CIRCUIT 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


Vcc Vcc Vcc 


SINK CURRENT 
¢—_—— 











RELAY 


vy 





—_——-_—_> 
SOURCE CURRENT 


OPEN 


FIGURE 7—EXTERNAL N-P-N TRANSISTOR FIGURE 8-EXTERNAL P-N-P TRANSISTOR FIGURE 9—RELAY DRIVER 


FOR INCREASING SINK CURRENT FOR INCREASING SOURCE CURRENT 


Vcc Vcc 





Vo Vo 
FIGURE 10—LONG-TIMED-INTERVAL CIRCUIT FIGURE 11—BOUNCELESS SWITCH 
LS400 Vcc 
PHOTO 


LEVEL 





= OPEN 





CONDUCTIVE 
LIQUID 


OPEN 





R feedback 


OPEN 
NOTE A: This circuit can be used as a touch- 


control switch with Rfeedback © 10 M2. 
FIGURE 12—SWITCH WITH TWO FIGURE 13-LIGHT-LEVEL SENSOR 


STABLE STATES 


FIGURE 14-—LIQUID-LEVEL SENSOR 


Vv 


cc 
a < (X) (~) AC ‘ = 
[ SOURCE i—) Vo 
VI 
7 oo 


~ OPEN 


OPEN 





FIGURE 16-SINE-WAVE-TO-SQUARE- 


FIGURE 15—THYRISTOR DRIVER CIRCUIT 
WAVE CONVERTER 
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LINEAR TYPES TL601, TL604, TL6O7, TL610 
INTEGRATED P-MOS ANALOG SWITCHES 





CIRCUITS BULLETIN NO. OL-S 12401, JUNE 1976—REVISED OCTOBER 1977 
e Switches +10-V Analog Signals JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
e TTL/DTL Logic Capability shisedd 


e 5-to 30-V Supply Ranges 
e Low (100 2) On-State Resistance 
® High (10'1 2) Off-State Resistance 


e 8-Pin Functions 
description 

The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high roff/ron ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to +10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by BI-MOS 
technology, which combines p-channel MOS with 
standard bipolar transistors. 


These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/D and D/A 
converters, MODEMS, sample-and-hold systems, sig- 
nal multiplexing, integrators, programmable oper- 
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 


The TL601 is an SPDT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control inputs. The TL610 features a 
higher roff/ron ratio than the other members of the 
family. | 


The TL601M, TL604M, TL607M, and TL610M are 

characterized for operation over the full military 

temperature range of —55°C to 125°C, the TL6011, 

TL6041, TL607I, and TLG10I are characterized for 

operation from —25°C to 85°C, and the TL6OIC, 

TL604C, TL607C, and TL610C are characterized for 
- operation from 0°C to 70°C. 





TYPICAL OF TYPICAL OF 
ALL INPUTS ALL SWITCHES 





Switch positions shown are for al] inputs high. 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 





TL601 TL604 
S1 $1—_—_—_——_—o—_y-———— 51 
1 
S 
. | 
~ 4 i 
B 
FUNCTION TABLE FUNCTION TABLE 





LOGIC INPUTS ANALOG SWITCH 


L X 
x L 
H H 
TL607 


OFF (OPEN) ON (CLOSED) 
( 
i ! 
A 





LOGIC INPUT ANALOG SWITCH 


H 7 ON (CLOSED) OFF (OPEN) 
L OFF (OPEN) ON (CLOSED) 












OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 








| B — = 
[ | Cc 
j 
Ue fe Ss FUNCTION TABLE 
INPUTS ANALOG SWITCH 
-/ | a eee : 
I 
A | OFF (OPEN) 
i OFF (OPEN) 
Pa OFF (OPEN) 
ENABLE ON (CLOSED) 


FUNCTION TABLE 


PA ENABLE | St S2_ 

| OFF(OPEN) OFF (OPEN) 
OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 









H = high logic level 
L = low logic level 









X = irrelevant 


Switch positions shown are for 
all inputs high. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1) 2 1 ww wee ee ee ee ee eee ee ee ee eee ee 6 8ONV 
Supply voltage, VGC eS. me apie ee oe ee Sw Se tw, ay ce as ae GA BS He Sk A BOV 
Vcc+ to Vcc— supply voltage differential . 2. 2 2. 1. ww ee ee ee ee te ee te we we) 685M 
GOntrolinput VOltage< : 62° en tee ay thy io PS Te ok Ow Ae, A eed, ee ae oe We 
Witch Oft-state Voltage” dye bi ee ice feo Ed ee a A ee Ee, a ew Se oe oe SOV 
Switch on-state current: - -~ 4 ke coe ee eS Oe BR ES, ee Bh ee se ele aoe SOMA 
Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M ........ .-55°Cto125°C 

TL6011, TL6041, TLGO71,TL610l 2... ww. 25°C 10 85°C 

TL6O1C, TL604C, TL607C, TL610C  .......2..2.2. «0°Cto 70°C 
Storage temperature range SS casa set: a as eae si. gs eee ob hen oe eh ies . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . . ........ 2... . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage .......+4.2-++e88. . 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 





recommended operating conditions 


TL601M, TL604M TL6OT!, TL604! TL6O1C, TL604C 
TL607M, TL610M TL607!, TL610! TL607C, TL610C UNIT 


Supply voltage, Voc+ (see Figure 1) | 5 10 = 25 | 
Supply voltage, Vcc— {see Figure 1) —- —20 —25 
70 


Vec+ to Voc supply voltage differential (see Figure) | 15 30 | 15 80 









Control input voltag 
Switch on-state current 
Operating free-air temperature, Ta 


A 
0 °C 


pt im 





Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range of operation for 
supply Vcc+ from +5 V to +25 V is shown on the vertical axis. The range of supply VcCc_ from —5 V to —25 V is 
shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vcc+ to VCC— governs the 
maximum Vcc+ for a chosen VcC— (or vice versa). A minimum recommended difference of 15 volts from VCC+ to 
Vcc— and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 


oh 


Vcc+ —Supply Voltage—V 





Vcc— —Supply Voltage—V 
FIGURE 1 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 





electrical characteristics over recommended operating free-air temperature range, 
Vcc+ = 10 V, Voc— = —20 V, analog switch test current = 1 mA (unless otherwise noted) 


preemie TL6-—C | 
TL6--I UNIT 
MIN TYP MAX|MIN TYP MAX | 
2 


ee (eae ee 

erate input of tueomm| SSC 

Vit Low-level input current - V 
[a ree Be 














PARAMETER TEST CONDITIONSt 





ViH_ High-level input voltage 





1tH High-level input current V,;=5.5V . 


lyn. Low-level input current V,;=04V —50 —250 
V =—10V, Ta =25°C —400 —800 —500 —1000} pA 
loff Switch off-state current tsw) E 
TL601 


Viisw) = 10 V, 
lO(sw) = —1 mA 






















fon Switch on-state resistance 


Vi(sw) =—-10 V, 
lO(sw) =—1 mA 









Cof¢ Switch off-state input capacitance Viisw)=OV,f=1MHZ FB 


. a Se ee 
TL601 
TL604 
mA 












Logic input(s) 
at 5.5 V, 

All switch 
terminals 
open 












Icc+ Supply current from Vcc+ 


Enabl 
input ng) L607 
at p88 


input low 


Ec 


TL601 
—1.2 -—2.5 
TL604 


| 8s 
i t high 
pe | L607 

Enable 

input low 


SC 2 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
AI typical values are at Tp = 25°C. 
NOTE 2: The other terminal of the switch under test is at Voc+ = 10V. 


Logic input(s) 
at 5.5 V, 

All switch 
terminals 










Icc— Supply current from Voc— 





open 


switching characteristics, Veg = 10 V, Vec_ = —20 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
tot¢ Switch turn-off time _ ona 
Ry_ =1k2,C,) =35pF, : 
ton‘ Switch turn-on time L L = 35 pF, See Figure 2 | 00—(ss—i500 > 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 





PARAMETER MEASUREMENT INFORMATION 


2.4V +10 V 


OR ——-OT"O OUTPUT —~4 th 
—10V aioe INPUT 50% 50% 


Ses i 
1k2 a (See Note B) ‘on—+ { toff —\o——w| 


OUTPUT 90% "40% 


TEST CIRCUIT VOLTAGE WAVEFORMS 
1k& 
1k&2 + ron 






PULSE 
GENERATOR 
(See Note A) 






Vo= (10 Vv) 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 50 92, tr = 15 ns, te = 15 ns, ty, = 500 ns. 
B. Cy includes probe and jig capacitance. 
FIGURE 2 





TYPICAL CHARACTERISTCS 


SINS ena eanee SWITCH ON-STATE RESISTANCE 
VS 
VS 
SWITCH ANALOG VOLTAGE Sa ee pee 








CCT 
CCT 
CECE 






WV) 





tt 





ron—On-State Resistance—Q 








100} — ae 
70 = 
a z 

AO ee ae ae 

10 
—15 —10 —5 0 5 10 ~—75 —-50 -25 O 25 50 75 100 125 

Vit(sw)—Switch Analog Voltage—V Ta—Free-Air Temperature— C 
FIGURE 3 FIGURE 4 
TEXAS INSTRUMENTS 391 
INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


392 


LINEAR TYPES uA733M, uA733C 
INTEGRATED DIFFERENTIAL VIDEO AMPLIFIERS 


CIRCUITS BULLETIN NO. DL-S 11415, NOVEMBER 1970—REVISED OCTOBER 1979 





e 200 MHz Bandwidth JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 
e 250k Input Resistance GAIN GAIN 
; ee INPUT ‘SELECT SELECT OUTPUT 
e Selectable Nominal Amplification of NC G2B GIB Vcc+ NC 


10, 100, or 400 
e No Frequency Compensation Required 
e Designed to be Interchangeable with 
Fairchild .A733M and pA733C 
description 


The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 


Internal series-shunt feedback provides wide band- 





: . : ‘ GAIN GAIN Vcc— NC 
width, low phase distortion, and excellent gain pa NG ere een ee OUTPUT 
stability. Emitter-follower outputs enable the device G2 GTA 


to drive capacitive loads and all stages are current- NC—No internal connection 
source biased to obtain high common-mode and 


supply-voltage rejection ratios. PEEATEALS AGE 


(TOP VIEW) 

Fixed differential amplification of 10, 100, or 400 GAIN GAIN 

may be selected without external components, or INPUT SELECT SELECT OUTPUT 
ee : 2 G2B GiB VCC+ 2 

amplification may be adjusted from 10 to 400 by the 

use of a single external resistor connected between (8) @) (6) 

G1A and G1B. No external frequency-compensating 

components are required for any gain option. 


The device is particularly useful in magnetic-tape or 
disc-file systems using phase or NRZ encoding and in 
high-speed thin-film or plated-wire memories. Other 
applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, 
and excellent gain stability are required. I 


The uA733M is characterized for operation over the (1) (2) (3) (4) (GS) 
eye ° ° 


full military temperature range of —55 C to 125 C; NPUT GAIN GAIN Vcc— OUTPUT 
the uA733C is characterized for operation from 1 SELECT SELECT 1 
0°C to 70°C. SEs 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA733M uA733C 

















Supply voltage Vcc+ (See Note 1) 
Supply voltage Vcc— (See Note 1) 


Differential input voltage . | 
















Common-mode input voltage 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range | 55 t0 125 0 to 70 


° 


Gad 
ae 
ae 
ae 
| mA 
| mv 






[Storage temperature range SSSS~*d TD °C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J or U package | 300s “c 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N package to al °C 





NOTES: 1, All voltage values, except differential input voltages, are with respect to the midpoint between Vcoc+ and Vcc_. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, uA733M chips are alloy- 
mounted; uA733C chips are glass-mounted. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
RATING FACTOR Ta 
J (Alloy-Mounted Chip) 500 mW 11.0 mW/C 105°C 


PACKAGE 


J (Glass-Mounted Chip) - 500 mW 8.2 mW/C g9o°C 
N 500 mw 9.2 mW/C 96°C 
U 500 mw 5.4 mW/C 57°C 





Also see Dissipation Derating Curves, Section 2. 


electrical characteristics, Voc, = 6 V, Vec_ = —6 V, Ty = 25°C 






uA733C 
MIN TYP MAX 
250 400 600 
80 100 120 





PARAMETER Maas TEST CONDITIONS GAINT misled 
FIGURE SELECT|MIN TYP MAX 
300 400 500 
x Large-signal differential Vv ay aoe 100 110 
VD voltage amplification OD” a 
Bandwidth oll 


p90 90 


Common-mode 
_input voltage range 
Common-mode 
2.9 3.4 
output voltage 









Cc 
= 
+ 













Output offset voltage 







0. 


Ww 
ol 


Maximum peak-to-peak 


V 
ORE Output voltage swing 






rj ) Input resistance 


Output resistance 
Input capacitance 


CMRR Common-mode 







Vic=i1V, f < 100 kHz 


Vic=21V, f=5 MHz 2 


ee el 
voostv i 
al 
ara 


rejection ratio 
Supply voltage 





ksvrR rejection ratio 
(AVcc/AVIo) 
Broadband equivalent 












BW = 1 kHz to 10 MHz Any 


Rs = 502, 
Output voltage step = 1 V 


input noise voltage 


tod Propagation delay time 









tr Rise time 
Output voltage step = 1 V 


lec Supply current 


No load, no signal 
tthe gain selection is made as follows: 


Gain 1... Gain Select pin G1A is connected to pin G1B, and pins G2A and G28 are open. 
Gain 2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 





Maximum output 






2.5 


| . 
sink(max) sink current 


ees 
(meee 
Rs = 502, 
: j eee 
= 
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TYPES uvA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





electrical characteristics (continued), Vcc+ = 6 V, Vcc— = —6 V 
TA = —55°C to 125°C for uA733M, 0°C to 70°C for uA733C 


TEST GAINt | ua733M —s|_—-uA733C 
PARAMETER TEST CONDITIONS UNIT 
FIGURE SELECT] MIN MAX|MIN MAX (| 
| 1 | 200 600 | 250 600 
Vop=1V | 2 | 80 120 | 80 120 
Os Be Ae 8 2) 


[Tio input offeercurrent | | «dt Aw | SSS SCSC*d 
[tig Input bias current | | «| Aw | 40] SY 


? Common-mode A V 
n 
ICR input voltage range 









Large-signal differential 
voltage amplification 










AvD 








Voo Output offset voltage 


Teas 12) —15i 

Maximum peak-to-peak 

V An V 

aia output voltage swing pf fam fs fee fv 

| ti itnputresistance | 3 | VoD S1V re ee ee ee eee 2 
cura cofmmon-mode Vic=#1V, f<100KHe| 2 | 50 [| 50 _ 
rejection ratio Vicsttv,f=5MHz | 2 | | 


Supply voltage 












AVcc+ = 20.5 V, 


KSVR: rejection ratio 
(AVcc/AVIo) 


Maximum output Q i 
; n m 
sink(max) sink current “4 


TThe gain selection is made as follows: ; 
Gain 1... Gain Select pin G1A is connected to pin G1B, and pins G2A and G2B are open. 
Gain2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 


schematic = 
OVcCc+ 














© OUTPUT 1 


O OUTPUT 2 


Component values shown are nominal, 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Ayp) The ratio of the change in voltage between the output terminals 
to the change in voltage between the input terminals producing it. 


Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value. 


Input Offset Current (ljQ) The difference between the currents into the two input terminals with the inputs grounded. 


input Bias Current (!)p) The average of the currents into the two input terminals with the inputs grounded. 


Input Voltage Range (V1) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 


Common-Mode Output Voltage (Voc) The average of the d-c voltages at the two output terminals. 


Output Offset Voltage (VOO) The difference between the d-c voltages at the two output terminals when the input 
terminals are grounded. 


Maximum Peak-to-Peak Output Voltage Swing (VOpp) The maximum peak-to-peak output voltage swing that can be 
obtained without clipping. This includes the unbalance caused by output offset voltage. 


Input Resistance (rj) The resistance between the input terminals with either input grounded. 

Output Resistance (ro) The resistance between either output terminal and ground. 

Input Capacitance (Cj) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of a change in input common-mode voltage to the resulting 


change in input offset voltage. 


Supply Voltage Rejection Ratio (AVCC/AV jo) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (V,) The voltage of an ideal voltage source (having an internal impedance equal to 


zero) in series with the input terminals of the device that represents the part of the internally generated noise that can 
properly be represented by a voltage source. 


Propagation Delay Time (tod) The interval between the application of an input voltage step and its arrival! at either 
Output, measured at 50% of the final value. 


Rise Time (t,) The time required for an output voltage step to change from 10% to 90% of its final value. 


Maximum Output Sink Current (!sink(max)) The maximum available current into either output terminal when that 
Output is at its most negative potential. 


Supply Current (Icc) The average of the magnitudes of the two supply currents |ccj and Icc2. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





a PARAMETER MEASUREMENT INFORMATION 
test circuits 





0.2 pF 
ViD 0.2 uF 
502 502 1k2S1k2 
FIGURE 1 FIGURE 2 
502 0.2 uF 
‘; i kQ 21k2Q 
FIGURE 3 FIGURE 4 


G2B G1B 





1k $171k 
G2A GIA 
VOLTAGE AMPLIFICATION ADJUSTMENT 
FIGURE 5 FIGURE 6 





TYPICAL CHARACTERISTICS 


PHASE SHIFT PHASE SHIFT 
vs ; 

FREQUENCY FREQUENCY 
a A | Vcc+ 









ell N 
—100° ‘ 

A 
Se a 
TRV 
a 





Phase Shift 
Phase Shift 
‘ 

8 


t 
nN 
oi 
o 






—300° 
~350° 





fee 
leaps! 
hdl 
eis 
ee 
eee 





—400° 
-asotL_L LUT tL 
01 2 3 4 § 6 7 8 9 10 1 4 10 40 100 400 
f—Frequency—MHz f~Frequency—MHz 
FIGURE 7 FIGURE 8 
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TYPES wA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





TYPICAL CHARACTERISTICS 










VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
(SINGLE-ENDED se DIFFERENTIAL) (SINGLE-ENDED OR DIFFERENTIAL) 
vs 

2 SCPERE URE Ra ~ SUPPLY VOLTAGE 

1.2 © 
v Vec+ =6V " 

Vcc =-6V 
1.1 
TLS ‘ce 
1.0 





Voltage Amplification Relative to Value at Ta 


0.8 
-75 -50 ~28 0 25 50 75 100 125 


Voltage Amplification Relative to Value at Vcc+ 


Ta—Free-Air Temperature—C Mec+!—Supply Valtage-V 
FIGURE 9 FIGURE 10 
DIFFERENTIAL VOLTAGE AMPLIFICATION SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs vs 
RESISTANCE BETWEEN G1A AND G18 FREQUENCY 


1000 ——+—> > oa 











50 
5 moe : roan EP 
: E CONIC 
sO 2 Co 
fool St Pet TN 
: ane = CIE CATING 
© ro} g 
eae shies 2 
SP ca oe & Loams| | INL 
= Cot eimai 2 Hike 
ee ae Be yee cea PM ING 
: LUI Ft @ [rare 
; Hin 2 teteul Tn TE 


10 40 100 Ok 1 4 40 100 400 
Ragj— Resistance race GIA and GiB. a f-  cicenuil 


FIGURE 11 FIGURE 12 
SUPPLY CURRENT SUPPLY CURRENT 

vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


No Load 
No Signal 


Vcoc+=6V 
Vcec-— =-6V 
No Load 

No Signal 


tcc—Supply Current—-mA 
{cc—Supply Current—mA 





0 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—°C MVcc+l-Supply Voltage—V 


FIGURE 13 FIGURE 14 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE SUPPLY VOLTAGE 














A 

rare TL TTA [ILI 
UE ET VA 
rT 
Tn a | 
TTT AE Eh 
UE VAT ET 
UT ALTE EU 
IA TI EEL 
ii 


10 10k 3 4 5 6 7 8 
Mocs l-Supply Voltage—V 






Vopp—Maximum Peak-to-Peak Output Voltage—V 
Vopp—Maximum Peak-to-Peak Output Voltage—V 





R_—Load Resistance—22 








FIGURE 15 FIGURE 16 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE 6 
VS vs 
FREQUENCY FREE-AIR TEMPERATURE 
> 
{ 
z 
C) 
> 
- 
2 i 
= | 
<) Nt 8 
3 TN : 
a, 3 
g c 
3 S 
= 1 
a ail 
P49 
G 
7 
a 
a 
O 
> 
1 2 4 7 10 #£=20 40 70100 200 400 —60 —40 -—20 0 20 40 60 8g0 100 120 140 
f—Frequency—MHz . Ta—Free-Air Temperature—C 
FIGURE 17 FIGURE 18 
16 
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CMRR—Common-Mode Rejection Ratio—dB 


Vop—Differential-Output Voltage—V 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO 
vs 
FREQUENCY 


ST 
so |_| LUI | TTT 
CH eats 
70 » 
THE 





0.1 10. 
f—Frequency—MHz 


FIGURE 19 


PULSE RESPONSE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


Pt tty 
La 


0 
0 5 10 15 20 25 30 35 
t—T ime—ns 
FIGURE 21 


Vop—Differential-Output Voltage—V 


DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME 
vs 
DIFFERENTIAL INPUT VOLTAGE 


A 
© 


torD —Differential-Input Overload Recovery Time—ns 
N 
°o 





0 20 40 60 80 100 120 140 160 180 200 
Vip—Differential Input Voltage—mV 


FIGURE 20 


PULSE RESPONSE 
AS A FUNCTION OF GAIN 





0 5 10 


15 20 25 30 35 


t—Time—ns 


FIGURE 22 
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LINEAR TYPE wA2240C 
INTEGRATED PROGRAMMABLE TIMER/COUNTER 


CIRCU ITS BULLETIN NO, DL-S 12610, JUNE 1978—REVISED DECEMBER 1979 





uA2240C...JORN 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
OUTPUTS INPUTS 
e Accurate Timing from Microseconds ecco... ames MODU. YRIG. 


to Days Vcc LATOR BASE R/C LATION GER RESET GND 
e Programmable Delays from 1 Time Constant 
to 255 Time Constants 


e Outputs Compatible with TTL, DTL, CMOS TIME-BASE CONTROL 


GENERATOR FLIP-FLOP 
e Wide Supply-Voltage Range 
e External Sync and Modulation Capability 


| pINARYCoUNTER COUNTER 
ee eee 


OUTPUTS 


description 


These circuits consist of a time-base oscillator, an eight-bit counter, a control flip-flop, and a voltage regulator. The 
frequency of the time-base oscillator is set by the time constant of an external resistor and capacitor at pin 13 and can 
be synchronized or modulated by signals applied to the modulation input. The output of the time-base section is 
applied directly to the input of the counter section and also appears at pin 14 (time base). The time-base pin may be 
used to monitor the frequency of the oscillator, to provide an output pulse to other circuitry, or (with the time-base 
section disabled) to drive the counter input from an external source. The counter input is activated on a negative-going 
transition. The reset input stops the time-base oscillator and sets each binary output, Q0 through Q7, and the time-base 
output to a TTL high level. After resetting, the trigger input starts the oscillator and all Q outputs go low. Once 
triggered, the uA2240 will ignore any signals at the trigger input until it is reset. 


The uA2240C timer/counter may be operated in the free-running mode or with output-signal feedback to the reset 
input for automatic reset. Two or more binary outputs may be connected together to generate complex pulse patterns, 
or each output may be used separately to provide eight output frequencies. Using two circuits in cascade can provide 
precise time delays of up to three years. 


The uA2240C is intended for operation from 0°C to 70°C. 





ADVANCE INFORMATION Copyright © 1979 by Texas Instruments Incorporated 


This document contains information _on TEXAS ] NSTRUMENTS 


a new product. Specifications are subject 
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TYPE uwA2240C 
PROGRAMMABLE TIMER/COUNTER 





functional block diagram 


REGULATOR 
Vec OUTPUT 











VOLTAGE 
REGULATOR 


rn: | 





TIME BASE : 
OSCILLATOR, 


INPUT 


GND | (e) 
2 .. .-open-cojlector outputs 
TBO a0 Q1 Q7 
absolute maximum ratings 
Supply voltage, Vcc (see Note 1... ct ee ee ee eee eee eee Se Sa ar ae 18 V 
Output voltage: OO thruQ7 2... ee ees ee ey ee Me ere eee ee cue. JBN 
Output current: QO thruQ7 ........... $a ne ci casemate a oe ee ae Ba Be ee ek 10 mA 
Regulator output current 2... cee ee ee ee ee ee ees rhe Agena Seth acd, OB Wr Se eke eae aa Oe eee —5 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): J package .........+.. 750 mW 
| N package ............ 650mW 
Operating free-air temperature range 6 ww ee ee ee ee tee ee 0°C to 70°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J Package .......... gchertpatty de aa Ghecwe ah 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N Package... 1 ee eee ee ee ee eee 260°C 


NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25°C, see the Dissipation Derating Table. In the J package uA2240C chips are glass-mounted. 


recommended operating conditions 


Trigger and reset input pulse width 





NOTE 3: For operation with Voc < 4.5 V, short regulator output to Vcc. 
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electrical characteristics at 25°C free-air temperature 


TEST 
PARAMETER CIRCUIT TEST CONDITIONS 
Regulator output volta Sas Vec=5V. Trigger and reset open or grounded 
e a ae aaa Vcc =15V, Trigger and reset open or grounded 


Modulation input open- Vcc =5V, Trigger and reset open or grounded . | 28 35 42 | y, 
Circuit voitage 
















Trigger threshold voltage | 1] Veo =5V, Reset at0 V pf 
High-level trigger current a ee Trigger at 2 V, Reset at0 V 


Reset threshold voltage 
High-level reset current 


a ae 
Counter nputstime: base) Vec=5V Trigger and reset open or grounded 1 1.4 Vv 
threshold voltage ce ; ial : ? x 
Vec=5V, Trigger at 2 V, Reset at OV, 
QO thru Q7 VoL <0.4V 
ere ees VoH=15V, Resetat2V, —_- Trigger at OV 
QO thru Q7. 


ae Vec=5V, Trigger atOV, Reset atS V 4 7 
| 1 | Vee =15V, — TriggeratOV, — Resetat5 V 13 18 | mA 


i Vcc =15V, — Trigger and reset open or grounded 









Supply current 









V+=4V 





operating characteristics at 25° C free-air temperature (unless otherwise noted) 


"TEST 
PARAMETER | TEST CONDITIONSt 
| __PARAMETER | CIRCUIT | _testeonoirionst MIN TYP MAX 


Initial error of time base* Fa Vcc =5V, Trigger at 5 V, Reset at0 V +0.5 +5 ee 
Temperature coefficient Vec=5V fF 20000 

Ta = 0°C to 70° 7 
srimmimeporna | | Tareemmme sale 
Supply voltage sensitivity 
of time-base period 
















, | From trigger input | 
See Note 4 __ lll ys 
Fromresetinput_ | = OB 
Output rise time | 1808 


“Output fall time RL=3kQ, C_=10pF Q0 thru Q7 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*T his Is the time-base period error due only to the uA2240 and expressed as a percentage of nominal (1.00 RC). - 
NOTE 4: Propagation delay time is measured from the 50% point on the leading edge of an input pulse to the 50% point on the leading edge of the resulting change of state at QO. 


Propagation delay time 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 





PARAMETER MEASUREMENT INFORMATION 
Vcc 


Re 10KkA 
(UNLESS OTHERWISE 


SPECIFIED) CONNECTED FOR OPERATING “J 
CHARACTERISTICS TESTSONLY © 


C=#0.1 uF 
(UNLESS OTHERWISE 
SPECIFIED) 





EACH Q0 THRU Q7 OUTPUT LOAD = 10 ka 


FIGURE 1—GENERAL TEST CIRCUIT 


Vec V+=4V 
(OPEN) 
1k9 


(DISABLES 
OSCILLATOR) 






OV 
INPUT SIGNAL FOR 
OPERATING CHARACTERISTICS 
TESTS ONLY 


3V-- 
| | | EACH QO THRU Q7 OUTPUT LOAD =*RL EACH Q0 THRU Q7 OUTPUT LOAD = 10 k& 


FIGURE 2—COUNTER TEST CIRCUIT | FIGURE 3—-REDUCED-POWER TEST CIRCUIT 
(TIME BASE DISABLED) 


DISSIPATION DERATING TABLE 


POWER ODERATING ABOVE 


= 
oo RATING FACTOR TA 


J (Glass-Mounted Chips) 750mW 8.2mW/C 58°C 
N 650 mW 9.2 mW/C 79°C 





Also see Dissipation Derating Curves, Section 2. 


“These connections maybe open or grounded for this test, 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 





TYPICAL CHARACTERISTICS 


NORMALIZED TIME-BASE PERIOD 
Vs 
MODULATION INPUT VOLTAGE 


—— —Normalized Timing 


t 
RC 





1 2 3 4 5 6 
Modulation Voltage~V 


FIGURE 4 





TYPICAL APPLICATION INFORMATION 





Figure 5 shows voltage waveforms for typical 
operation of the uA2240. if both reset and trigger 
inputs are low during power-up, the timer/counter 


will be in a reset state with all binary (Q) outputs TRIGGER—4 4 
high and the oscillator stopped. In this state, a high : i" 
level on the trigger input starts the time-base oscillator. RESET —+ : 

t 


) 


The initial negative-going pulse from the oscillator TBO 
sets the Q outputs to low logic levels at the beginning | l ] | i i lf 
of the first time-base period. The uA2240 will ignore ao ' ; 
any further signals at the trigger input until after | | | | | l 

a reset signal is applied to the reset input. With the { 


1 
, ; a1 ; s 

trigger input low, a high level at the reset input will ‘ 

1 

' 


set Q outputs high and stop the time-base oscillator. ; ' t : 

If the reset signal occurs while the trigger input is a2 | a ae ae 
high, the reset is ignored. If the reset input remains 

high when the trigger input goes low, the uA2240 

will reset. 


: 


FIGURE 5—TIMING DIAGRAM OF 
OUTPUT WAVEFORMS 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 


TYPICAL APPLICATION INFORMATION 


In monostable applications of the uA2240 one or more of the binary outputs will be connected to the reset terminal as - 


shown in Figure 6. The binary outputs are open-collector stages that can be connected together to a common pull-up 
resistor to provide a “wired-OR” function. The combined output wil! be low as long as any one of the outputs is low. 
This type of arrangement can be used for time delays that are integer multiples of the time-base period. For example, 
if Q5 (25 = 32) only is connected to the reset input, every trigger pulse will generate a 32-period active-low output. 
Similarly, if Q0, Q4, and O5 are connected to reset, each trigger pulse creates a 49-period delay. 


In astable operation, the uA2240 will free-run from the time it is triggered until it receives an external reset signal. 


The period of the time-base oscillator is equal to the RC time constant of an external resistor and capacitor connected 
as shown in Figure 6 when the modulation input is open (approximately 3.5 volts internal, see Figure 4). Under 
conditions of high supply voltage (Vcc > 7 V) and low value of timing capacitor (C << 0.1 UF), the pulse width of the 
time-base oscillator may be too short to properly trigger the counters. This situation can be corrected by adding a 
300-picofarad capacitor between the time-base output and ground. The time-base output (TBO) is an open-collector 
output that requires a 20-k{2 pull-up resistor to Pin 15 for proper operation. The time-base pin may also be used as an 
input to the counters for an external time-base or as an active-low inhibit input to interrupt counting without resetting. 


The modulation input varies the ratio of the time-base period to the RC time constant as a function of the dc bias 
voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock or sync signal. 


The regulator output is used internally to drive the binary counters and the control logic. This terminal can also be used 
to supply voltage to additional uA2240 devices to minimize power dissipation when several timer circuits are cascaded. 
For circuit operation with an external clock, the regulator output can be used as the Vcc input terminal to power 
down the internal time base and reduce power dissipation. When supply voltages less than 4.5 volts are used with the 
internal time base, Pin 15 should be shorted to Pin 16. 


Vcc 


. $ 07) ~~ yA2240 
LF 


2 MODULATOR 
OUTPUT 


a1) TRIGGER 


(10) 


RESET 


47 kQ 





FIGURE 6—BASIC CONNECTIONS FOR 
TIMING APPLICATIONS 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


12° 





Military Products 





408 


MILITARY PRODUCTS 





MIL-M 38510 AND MIL-STD-883 MILITARY 
HIGH-RELIABILITY INTEGRATED CIRCUITS 


The Texas Instruments MIL-M-38510 and MIL-STD-883 programs offer a variety of options designed to meet 
contractual, reliability, and cost goals. MIL-M-38510 and MIL-STD-883 have been fully implemented to provide a broad 
product line of control circuits for both military original equipment and logistic requirements. Included in this section 
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in 
locating the commercial equivalent. A cross reference from the catalog number to the JAN slash sheet number is also 
included. 


When system designs require military-class circuits and no slash-sheet specification exists, the TI/883 or MIL-M-38510 
JAN-processed program is recommended as a cost-effective substitute for nonstandard program drawings or 
specifications. 


As an aid to predicting system reliability performance, the following is the estimated quality factor, 709, for Texas 
Instruments Linear Circuits processed to the options outlined in Table IV. 


TABLE | 
STANDARD-PROCESS PROGRAM QUALITY LEVELS 


OPTION 
2 


JAN MIL-M-38510 CLASS B 
JAN-PROCESSED (SNJ) CLASS B 
JAN-PROCESSED(/883) CLASS B 
STANDARD HERMETIC 







The documents listed below (see Note 1) establish the processing for quality and reliability assurance requirements 
for JAN integrated circuits. The detail requirements of each individual JAN device are specified in the slash sheets. 


MIL-M-38510/X XX, Microcircuits, Digital, Linear 

Monolithic Silicon (Slash Sheets) 
MIL-M-38510, Microcircuits, General Specification for 
MIL-STD-883, Test Methods and Procedure for Microelectronics 
OPL-38510, Qualified Products List for MIL-M-38510 





NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa. 
19120, 
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MILITARY HIGH-REL. PRODUCTS 


1. JAN MIL-M-38510 CLASS B PRODUCT 


These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC- 
approved domestic production facilities. The T! Linear Department is supplying only Class B product (see Table V). 


A. Ordering Information: 


JAN DEVICE DESIGNATION _. TI ORDER ENTRY CODE (14-DIGITS MAXIMUM) 
JAN M38510/KXXXXBYZ JANBXXXXXXTYY 
SLASH SHEET MIL-STOD-883 PACKAGE LEAD FINISH DEVICE TEMPERATURE PACKAGE 
AND DEVICE (CLASS B (SEE TABLE 11) (SEE TABLE II) DESIGNATOR CODE (M,!, ORC, (NOTE 3) 
TYPE (SEE ONLY) 7 (NOTE 2) iF APPROPRIATE) 


TABLES V & Vi) 


Examples: JAN M38510/10101BHB ............. JANBUA741MU 
JAN M38510/10303BPB ............ .JSANBLM106JG 
JAN M38510/10401BCB ............. JANB55107J 
JAN M38510/11004BFB ............. JANBRM4136W 


B. Symbolization: 


JM38510/XXXXXBYY 
Tl Symbol (Trade Mark) 
4-Digit Date Code 


TABLE Il TABLE III 
JAN AND TI PACKAGE CODE DESIGNATIONS AND LEAD-FINISH AVAILABILITY LEAD-FINISH CODE DESIGNATIONS 


| JAN | DESCRIPTION 


SOLDER DIP 
TIN-PLATE 


JAN Tl DESCRIPTION JAN CODE 
PACKAGE PACKAGE AVAILABLE 
CODE CODE LEAD FINISH 
NOT AVAIL. 14-PIN F/P 1/4" X 1/4" 
14-PIN F/P 3/16" X 1/4" 
14-PIN C DIP 
14-PIN F/P 1/4” X 3/8” 
16-PIN C DIP 
16-PIN F/P 1/4" X 3/8” 
NOT AVAIL. 8-PIN CAN (TO-99) 
U 10-PIN F/P 1/4" X 1/4” 
NOT AVAIL. 10-PIN CAN (TO-100) 
J 24-PIN C DIP 
W 24-PIN F/P 3/8" X 5/8" 
NOT AVAIL. 12-PIN CAN (TO-101) 
JG 8-PIN C DIP 
NOT AVAIL. 40-PIN C DIP 
J 20-PIN C DIP 
JR 18-PIN C DIP 
JR 22-PIN C DIP 
TPer MIL-M-0038510B, Class S. 
x" denotes lead finish A, B, or C at option of manufacturer, Devices wil} be marked A, B, or C as applicable. 


> 


GOLD-PLATE 
OPTIONAL # 


wo 
a 
=} 





C 
D 
E 
F 
G 
H 
y 

J 
K 
M 
P 
Q 
R 
V 


= 





NOTES: 2. The device designator may include a Jetter A, B, or C as a last character. 
3. The package code may include one or two characters. 
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I, JAN-PROCESSED (SNJ OR /883B) PRODUCTS PROCESSED PER MIL-STD-883 METHOD 5004 


These devices will be tested to the electrical characteristics specified on the Texas Instruments Data Sheet and 100% 
processed in accordance with MIL-STD-883 Class B requirements of method 5004 as defined in Table IV. 


A. Ordering Information: 


SNJ DEVICES | /883B DEVICES 

ORDER ENTRY CODE ORDER ENTRY CODE 

SNIXXXXXXYY | ee 
PREFIX . DEVICE PACKAGE DEVICE TEMPERATURE PACKAGE SUFFIX 
FOR JAN DESIGNATOR (NOTE 3) DESIGNATOR RANGE CODE (NOTE 3) FOR JAN 
PROCESSING. (NOTE 2) (NOTE 2) (IF APPROPRIATE) PROCESSING 

Examples: SNJ55107AJ TLO22MJG/883B 
SNJ55107BJ 2 TL497AMJ/883B 
SNJ55325W RM4558JG/883B 
B. Symbolization: 

SNJIXXXXXXYY XXXXXXTYY/883B 

TI Symbol (Trade Mark) T! Symbol (Trade Mark) 

4-Digit Date Code 4-Digit Date Code 


lil. STANDARD PRODUCTS 


These devices will be tested to data sheet electrical requirements and processed in accordance with Table IV. For 
detailed ordering information see ordering instructions on page 37. 


A. Ordering Information: 





ORDER ENTRY 


CODE — 
XXXXXXTYY 
DEVICE TEMPERATURE PACKAGE 
DESIGNATOR RANGE CODE (NOTE 3) 
(NOTE 2) (IF REQUIRED) 
Example: TL494MJ 
SN55325J 
SN55107AJ 


B. SymboliZation- 


XXXXXXTYY 
T! Symbol (Trade Mark) 
4-Digit Date Code 


NOTES: 2. The device designator may include a letter A, B, or C as a last character, 
3. The package code may include one or two characters. 
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TABLE IV 
SCREENING AND LOT CONFORMANCE-CLASS B 


JAN QUALIFIED SNJ AND /883B STANDARD HERMETIC 
SCREEN METHOD RQMT METHOD RQMT METHOD ROMT 


2010 Condition 2010 Condition : Commercial 400% 
Internal Visual (Precap) B and 38510 100% B and 38510 ion Standard 40X 


1008 

















1008 
24 hours minimum 24 hours minimum 

ca) 0 
100% test Condition C 100% test Condition C 100% 


test Condition C 
1010 Condition © | 100% 1010 Condition | 100% | SCT SC*d 


2001 Condition E 2001 Condition E 
(min) in ¥4 plane 100% (min) in Y4 plane 100% 


Seal Fine & Gross 1014 100% 1014 100% 1X 10°/ atm cc/sec 100% 


JAN slash-sheet As appli- Tl data sheet As appli- 
Interim Electrical electrical cable electrical cable 
specifications specifications 


1015 1015 (Note 4) 

125°C minimum& ee 125°C minimum8 Oe rr Ta 
JAN slash-sheet Ti data sheet Tl data sheet 
electrical electrical electrical 
specifications specifications specifications 


1008 
24 hours minimum 









Stabilization Bake 







Burn-In Test 






























Final Electrical Tests 
(a) Static tests 
(1) 25°C (Subgroup 1, 








table 1, 5005) 100% 
(2) Temperature 

(Subgroups 2 and 3, 100% 

table 1, 5005) (Note 5) 


(b) Dynamic tests and 
switching tests 25°C 
(Subgroup 4 and 9, 
table 1, 5005) 

(c) Functional test (Note 6) 

(Subgroup 7.8, 

table 1. 5005) 

Quality Conformance 






























(Note 7) 

























Inspection 
Group A 5005 Class B 5005 Class B LTPD 
(a) Static (Note 4) 
(1) 25°C (Subgroup 1) 5% 
(2) Temperature 7% 
(Subgroups 2 & 3) 


(b) Switching 
(1) 25°C (Subgroup 9) 
(2) Temperature 
(Subgroups 10 & 11) 
(c) Functional test (Note 6) 
(1)25°C (Subgroup 7) 
(2) Temperature 
(Subgroup 8) 
Group B 









5005 Class B Insp. Lot 5005 Class B 6 weeks 


































package 
prod. 
Group C 5005 Class B 13 weeks 5005 Class B 13 weeks 
prod. prod, 
Group D 5005 Class B 6 months 5005 Class B 6 months 
package package 
prod. prod. 





External Visual 100% 100% 


8 Lower temperatures if required to limit Ty to 150°C. 


NOTES: 4, [ncludes group A and burn-in attributes data reports, 
5, Temperature guardband test may be used in lieu of 100% test. 
6. When specified on data sheets. 
7. Group A per 5005. Generic data available for groups B, C, and D, 
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TABLE V 
JAN DEVICE TO CIRCUIT TYPE CROSS REFERENCE 


JAN CIRCUIT 
TYPE TYPE 


10101 
10102 
10103 
10201 
10202* 
10203* 
10301 
10302 
10303 
10304 
10501* 
10701 
10702* 
10703* 
10704* 
10901* 
10902* 
11004 





uA741 
uA747 
LM101A 
uA723 
LM104 
LM105 
uA710 
uA711 
LM106 
LM111 
uA733 
LM109 
LM140-12 
LM140-15 
LM140-24 
SE555 
SE556 
RM4156 


TABLE VI 
CIRCUIT TYPE TO JAN DEVICE CROSS REFERENCE 


CIRCUIT JAN 
TYPE TYPE 


LM101A 
LM104 
LM105 
LM106 
LM109 
LM111 
LM140-12 
LM140-15 
LM140-24 
RM4156 
SE555 
SE556 
uA710 
uA711 
uA723 
uA733 
uA741 
uA747 


*Slash sheets not released as of date of this publication. 





10103 
10202* 
10203* 
10303 
10701 
10304 
10702* 
10703* 
10704* 
11004 
10901* 
10902* 
10301 
10302 
10201 
10501* 
10101 
10102 
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